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b: TO THE 

7 RIGHT WORSHIPFYL 
ZROGER NORWICH, 


-M ESQUIRE. 
- HH, onowred Sir, 


Have not therefore pre- 
ſented you _ with this 
{mall Treatiſe, that you 
ſhould defend me from 
the barkings of the En- 

—}- vious, for then 1 ſhould 

4, ==} put you upon impoſli- 
© bilities, and betray mine own weakneſs, 
Zin being affraid where no fearis, or where 
2 there is nothing that ought to be feared, 
> But ſceing moſt men are wont to Ded- 
Z cate their Labours chiefly to thole, to 
>Z whom they are moſt obliged, that I may 

2 not ſhew my ſelf ungrateful for the fa- 

®Z voursI have received from You, I have ta- 

| ken this opportunity , to own them in 

2 publick as well as in private. 
{- * 2 
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Fu 
wTY 


And 


Epiſtle Dedicatory. 
And indeed Your affettion- to theſe ? 
Studies, and the Students of it, and that © 


nimble apprehenſion which all that know # 


You, muſt acknowledge i in'You, enforce ” : 


me to doe ſomething ,,by which. I may | 


render that due obſervance which [ owe 4 


unto You. 

Here is indeed but little, that is winks 
Your peruſal, nay, the whole would wor- 
thily deſerve to be rejzefed by You., but 
that I know Your own goodneſs, will AC- 
cept ofany thing from me, which will but 
probably adde to 1the Talent of others 
knowledge ,. though it cannot. to Your 
own .; this maketh me confident of a Can- 
dide acceptance, of. what I have here pu. 


bliſhed for the publick good, from him who T 


taketh the boldneſs to ſubſcribe himſelf, 


"DN: 
Yours Hambly Devoted, : 


to- ſerve Tow 


Joxun- NEwrox. 
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"READER: 


- Here being ſo much already written by 

FN! others. and my ſelf. concerning the 

9p Doctrine of plain and Spherical Tri- 

FF | angles, ( both for the praGtical reſo- 

is lution of all the Caſes by Numbers 

© Natural and Artificial, and alſo Geometrical De- 

Y narfra of thoſe Problems, upon which the ſe- 

7 weral proportions doe depend ;.) This three-fold 
© Trad with which T preſent thee, now, may ſeem to 
Fr uſeleſs and in waine and therefore it will be 
> atleaſt convenient,to tell thee why,as well as what, 
* 1 bave written;Now the onely reaſon for which [1 

* at fir Colleted theſe plain Principles of Geome- 

* try was indeed for their ſakes who have little or 

3 no Arithmetical skill, yet being done, I hope their 
'$ uſe will be of a larger extent, and erve 45 an In- - 
F troduClion to the Goithenetical part, and. doubt-- 
+ leſs it is ſome ſatisfaGion to ſee the agreement, 
that is between the Mechanical and the Arithme*» 
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Wh. tical reſolution of Problems. 


In the firſt part of this Treatiſe : three Sorts 


"" or Specres of continued Q uantity: » Lines, Plains 


3" aud. Solids. are briefly and Yo defined , ſome | 
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TO THE READER. 


rally, and in reference to one another joyntly arc 
explain'd, the Mechanical olution of plain Tri- 


ſhewed., with ſundry Problems , Fe r the deſcri« 
bing of all ſorts of Right lined Planes; as for the 


finding of the $ hcdryuer contents of thoſe plains, 
; and of plains that are circular, with the ſolis 
dity of all regular Bodies, we have for the 
| moſt part made uſe of Logarithms ; and muſt 
| therefore intreat the Reader to inform himſelf of 
: the manner of working by them, either by what 1 
|  bave written of them in Trigonometria Britan- 
| 1 \BiCa, or by ſome other Trad of the like nature. 
| In the feeond Part of this Treatiſe, thou ha 
; a very ſhort, yet plain Deſcription of the Cale- 
ftialand Terreſtrial Globes, with there Uſe; fir$t, 
| in Spherical \Triangles in the General, and then 
| im ſome particular Aſtronomical and Geogra- 
phical Triangles zn which we bawve ſbewed the 
anmber of Problems contcined in every particular 
Triangke, by which means, thou mayſt readily 
find the Triangle to which the things given doe be« 
long,as well as the reſolution of the Problem it ſelf. 
*Þ the third Part of this Treatiſe, I bawe gone 


over 


princepal affections proper to each of theſe ſewe- F 


angles, by ſeveral ſorts of limes, as Sines, Tan- * 
gents, Secants, Chords and equa] parts , 15 fully \n fd 


| TO THE READER. 
A over the work of the Globe again, in which b 
that little which 3s their ſaid of Spherical Trian- 
Zeles, any of the Problems mentioned in the uſe 
®of the Globe , may be projected and reſolved, or 
& .any other of the like nature, ſome other uſes of this 
WEprojection are there explain'd, in reference to 
* Aſtrological and Gnomonical Problems, of Gno- 
WMomonicks, I bave been the more large , becauſ, e the 
EprojeSion of the Sphere upon the plain of moſt great 
=circles,is thereby cleered. The Demonſtration of the. 
=Rules by which the circles of theGlobe may be thus 
projected, bath a dependance upon ſo many Pro-- 
*blems, that if I bad inſerted it bere, it miſt bave 
been either clouded by reaſon of the many refe- 
zrences. unto Euclide, Theodoſius,aud Apollonius; 
*or this Treatiſe would have ſwelled beyond the 
bulk at firſt intended, and the limits now pre- 
ſcribed me, and therefore I hawe choſen rathcr 
20 omit it; leaving what here is written to be per- 
ſed, ®» uſed by thee,as thou findeſt occaſion for it+- 
4 J. NEW TON. 
1 Tis ſeveral ſorts of lines whoſe deſcription and uſe is ſhew- 
b:\ ed in this Treatiſeare at one view preſecd ro thee inthe: 
- ollowing Scale, not that I would confine thee to this form of: 
Iplacing the lines, but ſhew' thee onely whatlines may be neceſ- 
*Zſary (at leaſt convenient) for thy uſes inthis, or any other: 
Zform, more ſuitable to thine own Genious,, thou mayeſt be tur- 
*ZEnificd with thefe lines upon a Scale , or with any other Mathe-- 


*Þmarical Inſtrument in Braſs or: Wood, by Mr. Anthony Thompſons 
un Hofirr=lauc,. 
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PRACTICAL 
Geometry. 


Cmapr L 
Of the Definition and Droiſon of Geometry. 


SSBALD- OM ETRY isthe-art of meaſuring 
—_ *- 

2 To meaſure well, is to declare the 
nature, force, property, proportion and 
uſe,of any thing that is meaſurable. 

3 The Subjett of Geometry, is Magni- 
eude or continued quantity, whoſe parts are conjoyned 
by a common term, or limit. Anda term is the ex- 
tream of a Magnitude. 

4 Magnit &is either a Line, or ſomething made 
gt > 7d mp PL OF EE ER 
. 5. A Line is a magnitude conſiſting.oncly of.lengt 
without either tm A or depth , = term "ND 
whereot is a Point, For every line is made, continued, 
and bounded,with a point, Pg 


(2) 

6 A point therefore is no quantity , but the begin. 
ing of all continued quantities , which are diviſiblein 
power infinitely : from the imaginary motion where- 
_ of is produced a line: as it the point A be imagined to 
raove from A-to B, this point ſhall by its motion, trace 
out the line A B. 

7 A line iseither conſidered Simply by it ſclf,or elſe 
comparatively with another line, A Line conſidered 
Simply ot ic (elf , is cither Right, or Oblique. 

8 A Right line is that which lieth equally between 
| hispoints. As the line A Blicth ſtraight and equally 
between the points A and By withoat any. going up, 
or coming down on either fide, 

9 An Oblique line is cither circular, or mixt. A 
Periphery , or Circular line, is that which is equally 
diſtant from the middle of the mmrteaded 5 ace, 
which middle is called the Center , and the diſlance 
b2tween that Center aud the circumference, is called 
the Radins-. 

All other lines beſides the Right and Circular, may 
be called, mixt;y. or compounded lines ,. of which 
there is little uſe in Geometry, 

10 Hitherto of linzs confidercd Simply by them- 
ſelves, lines compared to one another, are cither of the 
{ame , or of different Species, 

11 Lines compared together of- the ſame Specics : 
arecither parallel, or angular. 

12 Parallel lines are {ſuch asarcequidiſtant in all 
_ and arc eicher right lined, or circular. Right 

ined parallels are ſuch-which- being in one andthe 
felt-fame plane, and/produced infinitely on bath ſides, 
da never macet in any part. As the lines A Band H 6; 
but Circular parallels are-ſueh- Circles; or arches;as arc - 
drawn upon the ſame center.. 

Right lined' patallels' may bedtawn by the Propo- 
fgion tollowing: . | | 


P. R.O- 


(3) 
PROPOSITION 1 

To draw a right line parallel to a right 

line given, according to any diſtance 


aſſigned. 


T7 ErAB be a right line given, to which a px- 

rallel js to be Sava at the diſtance of CD. TI 1 
the line A B let there be two points taken 2a little di- 
ſtantone from another,as E and F, from which at the 
diſtance of C D given, let there be de{cribed two ar- 
ches, aright lineas H G, drawn by thoſe two arches 
ſhall be parallel cothe line A B giycn. 


13 Angular lines are ſuch as inclining or bowing 
ro one another, touch one another , bur not 14 a direct 
line. As the right lines HE, and F G, meeting in che 
point E, do make the rightlired angle H EF, 

14 Anangleis cither Right or Ovliqae. 

15 A Right angle isthar, whoſe legs or (1des arc 
perpendicular to one another, that is, whole legs ſtand 
{o, that one of them doth nor incline to the other an 
way, but makech rhe comprehended ſpace one bot 
ſides equal. Thus the line AB is perpeadicular v0 
the line CD, and the angles ABC and A BD are 
right, and equal to one another, becauſerhe {paces be- 
eween A B and D B, and between the lines AB and B C 
are equal. 


PROPOSITION 99. 
From a point aſſegned without a right line 
given, to let fall a perpendicular. 


Wy fr the point affigned is necr the line gi- 
ven, as the point C is to the line AB, from 
the center C, with any diſtance of your compaſles, 

A 2 interlet 


Fig. ®, 


Fig, 3. 


Fyg. 4+ 


Fige 5. 
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interſe& the line AB in the points A andB, from 
which points the compaſſes being opencd to a greater 
extent then the former, deſcribe twoarches above and 
beneath the line A B, which may cut one the other in 
the points Hand G, —_ which interſe@ions a 
right linc being drawu ſhall neceſſarily paſs through 
the point C,, and be perpendicular to the right line 
AB. 

When the point affigned ſhall be at a greater di- 
ſtance from the line given , doe thus. Through the 
point C draw the right line E C at any acutc 
angl: wit't the line AB, and let the line EC be 
bilefed in the point D,, from whence at the diſtance 
of DC or ED let the line AB be cutin F. Then. 
ſhall the right line C F be perpendicular to A B as was 
required. h 

eAnother way, 


From any point as at D neer to the end of the 
line A B, at the diſtance of C D, deſcribe two 
arches above and beneath the linc AB , an4 then 
from the point E, taken at ſome diſtance from the 
porn D, deſcribe two other- arches ar the diſtance of 

:C, cutting the fotmer in C and F, then ſhall the 
right line C £ be the perpendicular ſought. 


16 AnOdblique angle is that whoſe legs or ſides do 
incline ro one anther up2n this fide more then upou 
that. 

17 AnObliqueangleis cither Obtuſe or Acute. 

18 An Obtuſcoblique angle, isthat which is grea- 


Fyg..2.terthana right, whoſe legs do ſo decline, thatthe 


ſpace comprehended by thent, is greater than-in a 
rightangle, as-the angle B E D is greater tba:the 
rightangle CED. 

19 Anacuteoblique angle, is thatwhich is leſs than 
aright, whoſe legs or fides do ſoincline, that the 
{pace comprehended by them, is leſs than in a right 


angl: 
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5Y (5) 
angle, as the angle AE Bis Jeſs than the riohr 
Wyts glit angle 

20 The meaſure of an angle is the arch of a Circle 

deſcribed upon the angular point , and inteiſefed 

berween the fides of the angle ſufficiently prolonged, 

As the arch B C deſcribed from- the angle and 

ecnter E, is the meaſure of the angle BEC : bur 

*of this meaſure there can be no certain knowledge, 

unleſs the quantity of that arch be expreſſed: jn 
numbers. 

21 Every circle therefore is-ſ\uppoſed to be divided 
Tnto 360 equal parts, called Degrees, and every De- 
gree into 60 minutes , every minute into 60{cconds, 
and ſo forward. This Diviſion of the circle into 360 
parts we ſhall retain, but every degree we will ſuppoſe 
_ tobe divided into 10 parts, and every one of thoſe 
into 10 more, and {o forward as far as you pleaſe. 
And thus all calculations will be much cafier, and no 
leſs certain. 

22 A Semicircle is the halt ofa whole circle con- 
teining 180 degrees. 

23 A Quadrant, or fourth part of a circle is 9© deg. 
And ſceing that a right line falling perpendicularly 
upon a right line, doth make the angles on both {ides 
equal, and cutreth a Semicircle into two equal parts, 
the fourth part of a circle or go degrees muſt needs be 
the meaſure of a right angle. 


—cl 1, 


Fig, Ce 


24 A Right line falling upon a right line, maketh | 


eirhertwo rightangles, or two angles equal unto two 
right. Thus the right line B E falling upon the righr 
| line AD,maketh the angles A E B 8& B ED together, 
equal unto two right angles. For the Semicircle 
ABCD is the meaſure of them both : it cirhocr of 

' then therefore be k-own, the other is alſo know. 

; 25 When two angles are made by the mecting of 
' two right lines ,' one of them is the complement ot che 
: other ro a Semicircle , which doth contein two 

: right angles, or 12 degrees : theretore it rhe angie 
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'given ſhall be ſubtraed from two right angles, what 
remaineth ſhall be the other angle. 


EXAMPLE, 


oA Semicircle, or two right angles comin 189 deg, 
From which ſubtra# the angle A EB 64 
The remainer ss the angle BED 116 


26 Complements of arches or angles are ſo called, 
with reference either to a Quadrant or a Semicircle; 
it therefore a right angle becut into two equal or un- 
equal parts, either part being known, the other allo 
is known; for if the known part be ſubtracted from the 


tourth part of a circle or 9o degrees , the remainder 
ſhall be the other part. 


EXA MPLE. 


A Quadrant or right angle us 90 deg. 
From which ſubtraFt the angle A EB 64 
The remainer us the angle BEC 26 


PROFUSIIJION &$ 
To a4 point aſſigned upon a right line gr 
wen, to make a right lincd angle, equal 
to an angle given. 


Er C be the point aſſigned in the given line 
L5 H, upon which it is required co make an 
angle, equal ro theangle EDF: From the point 

D as a center at any extent of the Compaſles , de- 
ſcribe the arch E F, between the ſides of the angle gi- 
ven: And with the ſame extent deſcribe the arch 
HK, trom the point C, which by your Compaſles 
you may makecequal tothe arch EF; then draw the 
rightline CK , ſoſhal}the angle H C K be equal to 
the angle E D F given; becauſe they arc ſubtcnded by 
equal arches df cqual circles. | 
CHAP, 
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C H+:AP: II. 
Of the droiding of r1ght lanes into any number 
of par ES, and accor ang L0 any propor- 
tron aſfigned. 


'T [therto we have treated of right lines, as they 
arc cither parallel , or angular, we will now 
ſhew- how any right line may- be divided into 

any number of equal parts, and according to any 
proportio!1 given ; for which p'1rpoſe we will here 
premiſe theſe three AXtoms, upon which ſome of the 
Propofitions following do depend, 


MA XTOMW 1 
IF any right lines ſhall be interſefed by 


many parallel lines, the interſegments 


ſhall be proportional. 


' Er the two right lines AD and AE beinterſe- 
Lacg wich the parallels FG, HI, KL, and 
MN : I ſay the interſegmenes A BandAC, as 
alſoB E ani CD are proportional; that is, if AB 
be the half -of A E, A C ſhall be alſo the halt of A D; 
an4if AB ſhallbe athicdpartot AE, AC ſhall be 
alſo.a third part of A D;, and fo of any uncqual mro- 
promen : The rea(on isplain irom the figure'n which 
I doth cut off a third part of the whole fpace 
FG NM; and therefore by conſequence ir cutteth off 


_ athirdpart of every line, which is or may b:drawn 
| thrangh. F 


# 
* 
we 


that ſpace. 


Fig. 8. 


Hence « 


3s + 


(.8) 


Hence it followeth,, 
AB. AE::AC.AD, 
Alſo by inverſion , 
AEAB::AD.AC:OrthwAB.AC::AEAD 
AXIOM 


If four right lines be proportional, the 


right angled figure made of the two 


means, equal to the right angled figure 
made of the two extreams. 


Fig.g LE: the four- proportional lines be A B two foot, 
* E Ethree toar, F'G fix foot, and B C nine foot: [ 

ſay then, that the right angled figure made of the two 

mean lines,E Fand F G, that is, the right angled fi- 

gure EFGH is cqual to the right angled figure of 

the extreams A B and BC; thatis, tothe right an- 


gled figure A BCD; for astwicegis 18, (oli ewile 
three times 6 is 1$. 


7 Conſeftary 


Tf four right lines be proportional , three of them b:ing 


given, the fourth ts alſo given ; foy the reitargle of the 
two means being divided by either of the extrcams , the 
quotient will rive the other extreaw. 


| Example. 

Let the firſt exrream be given 2, with the two 
means 3 and6, the reftangle or produtt of © 21d 6 
1518, which being divided by 2, the quoticut is 9, 
the other cxtream. 

2 ConſcAary. 

If three right lines be proportional, that i , if the fi ſt 

be to the ſecond, as the ſeeond to the third, the ſquare of the 


1548 


b' 
mean or ſecond ſhall be equal to the reftargle made of ihe on 
treames ; becauſe the middle term is put rwice, in this man 
Her « : 


Ar 2.1 to qi: Sig. ty 8. 


And ſoit is all one as if there were four proportionals : what 

was therefore ſaid of four proportionals,is al(o to be under ood 
of three. 

ef XZ 70. $. 

If the ſides of a right lined angle be in- 

terſefied. with parallels , thoſe parallels 


ſhall be proportional to the conterminate 
ſegments. 


If the files ofthe: angle D AE be interſected with 
the parallels D EandB C, As the parallc] D E, is rorthe 
parallel BC, ſo is the ſegment of the fide D A, to the 
other ſegment of the ſame fide B A. 

For Demonſtration ſake. Through the point B , 
draw the right line BF parallelto the rightline AF, 
which ſhall cur DE and D A proportionally , inthe 
points F and 3B, By the 1 Axiom of thu Chant. and there- 
fore: DA.BA::DE.FE, orBC, for that F E and 
B C are cqual. 

I'1 like manner, the right line C F being drawn 
through the poiat C parallel to AD, the right lincs 
E A and ED ſhall be cut proportionally in the points 
F and C, and it ſhall be , 

EA.CA::ED.EF.or BC, for that EF and 
B C are cqual. 


And becauſe itis D A.BA::DE. 
And alſo EA,CA::DE. 
Therefore DE.BCS 24: 


; . B : Thelſc 


OW 
>> 
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(10) 
Theſe Axior:s being premiſed,we come now to the 
Propoſitions themſelves, by which a right line may 
be divided into any number of parts , and according 
to any proportion aſiigned. 


PROPOUOBLELIUM Þ 


« To divide a right line given into atty num- 


F7g. Il. 


FiF.12, 


ber of equal parts. 


Ec it be required to divide the right line AB, 
into 9 equal parts; from the extream points of the 


given lice A and Þ, Jettherc be drawn two pa- ,© 


rallc] lincs., then from the point A at any diſlanceot 
the conpailcs, fer off as many equal parts wanting 
one , as the given line is to be divided into, which mn 
our Example is 8, ard arc noted with the Jetters EF, 
G. H: K. L. M. N-and trom the potht Bet cf the like 
parts in the line B C, and let them be.11oted with OP, 
Q R.S.T. V. X. then ſhall the parallcl lines EX. 
FV.GT.HS.KR.LQ-MP.and NO, divide the 
right line A Binto 9 equal parts as was required 

And thus may that line be made, which is com- 
monly called a Diagonk! » and taketh up one f1dc ol 
rais Scale or Ruler. 


PROF USLITION $, 
Two right lines being given, to find a third 
_ - proportaonal. 


] Ec third proportional be required to the two right 
"right lines given AB and A C; make AC perpen 
dicularto A B, atthe point A, and let A Bbe cont! 
nued atpleafure,, and draw the line BC, laſtly , from 
the poilit C, ex& the perpendicular CD, and wh: 
that cutzeth he i 
ſuppsſceatD , "fo ſhall AD bethethirtl proportional 
requited, for BA-AG:: AC, AD. 
. | Otherwi 


® B A produced , make a mark, 4 


v 
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Otherwiſe. 


Let the right lines given A Band AC, be jvyned pig, 
cogether at any acute angle , and A Cang A B being 
continied make B Ecqualto A C,then draw BC, an 
D E parallel thereunto , ſo ſhall D C be the third pro- 
portional (ought; for, AB.BE=AC::AC.CD. 


PROPOSILTIION 3. 


Three right lines being given, to find a 
fourth proportional. 


[.- the three givea lines be AB, BCand AE, to Fig.1z, 
which a fourth proportional is required : draw 

A Datany acute angle to AB inthe point A, and 

make E D parallel to CB, ſo fhall A D be the fourth 
proportional. For, AB:BC::AE.ED, 


PROPOSITION 4. 
Two right lines being given, to find a mean 
proportional between them. 


Er the two right lines given be AB & B C, which. Fig, 14. 
LE be madc into one lineas AC, trom- the point 

D being the midgdle of the line AC, as iron acenter, 
deſcribethe arch CL A, to which (emicircic ict CA 

be ths Diameter, then {rom the point B, erctt the per- 
pendicular B Lcutting the circumference in L,ſo ſhall 

B Lb: the mcan propgrtional required;:for,C B, B L 
::BL.BA. | 

PROPOSITION 5. 


To cut a right line given into extream and 
mean proportion. | 
A Right line is (aid robe divided into extreamand Fzg,15, 


* mcan proportion, when the whole is to the greater 
B 3 part, 


rt Cott 


TR — CC — cc 


$8.15, 


Fig.16, 


(12) 
art, is as the greater is ro the leſs, Let then the right 
inc B A be given to be thus divided, from the poine B 

ere& the perpendicular BF , and draw the right line 

F A, which let be biſe&ted ia D, the other foor of the 

compaſles reſting in F: at the diſtance FB, make FD 

equal rhereunto, and A Ecqualto AD, ſo ſhall the 

right linz A Bbe divided, as was required ; for , 

AB-AE:z:AELEB, 


—_— —— ——— — — —_— 
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C H 4:P.. HI 
Of Rint lnes applied to a Circle. 


* 3 


Itherto we have ſpoken of right lines as they 

[1] arc conſidered of themſelves.;- or.are compa- 

rd with other lincs of the ſame ſpecies : we 

will naw creat of them in reference to other 

Jines of a Qiti-ront ſp2Cies , that 154t0 oblique or circu- 
lar lincs. 

z And right lines as they have reference-to, or arc 
compared with the circumference of a circle,are eizher 
{uchas are inſcribed within it, or applied to it. 

3 Arightline inſcribed in a circle, paſferh through 
or toucheth the Center , as the Diameter and Radius, 
or js drawn velides the center, as Chords and Sincs. 

4 A Diameter is a right line inſcribed through the 
center of the circle, dividingthecircle into rwo equal 
parts. As the fight line G D drawa through the center 
B, and at both ends bounded with the circumference : 
The halt whereof G Bor BD isthe Radius of thar 
circumference or circle ; For . 

5 Radius is the halt of a Diameter , or a rightline 
drawn trom the center to the circumference. 

6 A Chord or ſubtenſe 1s an- taſcribed right liac 
draw4a beſides the center, that isaright line which bc- 
ang at_both ends bounded with the circumference, 


doth 


(1g) 
doth not paſſe through the center thereof: as the right p;, 1 g 
fine C K ſubtendeth the arch C D K.The half whereof © 50! 
C A which is perpendicular to the Radius, from the 
term of the lamearch , is the right ſine of C D half 
-of the ſaid archCDK ; and alſo the fine okC E G the 
complement of CD to a {cmicircle, Now fines are 
either Right or Verſed-. 
7 A Right ſine is half of the ſubtenſe of the double 
#arch, or a right line which falleth from the rerm of an 
arch perpendicularly to the Radius or Diameter, 
8 A Verſed fine, is a part of the Diameter lying be- 
tween the right fine and the circumference : 4s the 
part of the Diameter A D isthe verſed fine of the arch 
CD, andthe other part AG is the verſed ſine of the 
arch CG. 
9 Aright line applicd to a circle, is cicher a Tan- 
gent or a Secant, 
10 A Tangent is a right line without the circle 
drawn perpendicular to the cnd of the Radius, and 
-  concinued to the Secant, 
11 ASecant is a right line, drawn from the center 
of the circle through the term of an arch, and conti- 
nucd to the Tangent: As theright line F D which is 
perpendicular to the Radivs without the circle, is the 
tangent of thearch CD, or of the arch C G the com- 
plement of CD to a ſemicircle. And the right line 
B F, which from the center B is continued through 
the point C in the circumference to the tangent , 1s the 
{ecaut of the ſame arches CD and C G. 
I2 By theſc lines thus inſcribed or applied to a cir- 
cle ; A ſcale or ruler may be madeto a certain Radius 
or diameter of a circle aſſumed , which ſhall contein, 
the Chords, Sines, Tangents, and Secants of every 
degree in the Quadrant, by help whereof the ſeveral 
| Cates both of Plain and Sphzrical Triangles may be 
. _, cally reſolved. 
| 13 Here therefore we will ſhew howa circle ma 
| be divided into 360 cngneee or parts, or a Semicircle 
3 1to 


(14) 


into 180 equal parts or degrees ; Which being done, 
Ins of Chords incs, Tangents & YCcanty focever 
degree in the Quadrant, may drawa without muc 


rrouble. 


The manver by mhtch 4 circle may be divided into 
its parts, 1s thus. 


Fig.17, ! ( i= the ceater A draw the diameter BC, 


upon which ſetting one foot of the compaſ- 
ſesin A, the other being extended to B or C, 
deſcribe the ſemicircle B G C. 

2 Setting one foor of the compaſles inB at any ex- 
tent of che compaſllcs greater than B A, deſcribe an 
occult arch, and at the fame extent of the compaſles, 
ſetting one foot in C,defcribe another occulr arch , (0 
as it may cut the former , and from the point where 
choſcarches doe interſet one another, draw a line to 
the center A,foſhall the ſemicircle B G C be biſeed 
into two equal parts, or Quadrants , each Quadrant 
comcining go degrees. 

3 Becauſe rhe Radius of a circle, is equal to the 
Chord of 66 degrccs 1n tlic ſame circle, if you (ct th: 
Radius A Bor A'C, from G downwards towards C, 
it will reach toH, and the arch G H ſhail be 60 de- 
grces , and the ſame cxtent of the compaſles bcing (et 
tram C upwards, will reach ta D, and the arch CD 
ſhall be 69 degreesalſo, and the Quadrant G C thall 
be diyided into 3 equal parts , each part conteining 
30 dearces. | 

4 Bccaule it the Radius of acircle be cut into ex- 
cream aid mean proportion, the greater ſegment ſhall 


be the ſide of a Decangle- or Chord of 36 degrees, 
therefore the Radius A Bor A Chcing fo cut, by the 
Sth. Propoſe »f th: : chap, the greater ſegmear B E, ſhall 
in this circle be the Chord of 35 degrees, which bi: 
let tram C upwards, will xcach to F, and the arch F f 
is 


_— — a yoo DCA 


(r5) 


drant G C may be diſtributed into r 5 parts, cach part 
conteining 6 degrees, and Each of theſe may be ſub» 
divided, firſt into two, and then each of thoſe (ſubdivi- 
ſions into three more, ſo will the Quadrant be divided 
into go cqual parts or degrees : and in like manner 
may the Quadrant B G be divided alſo: at every tenth 
| degree there is a little linedrawn from the center, and 
* numeral figures (et tocach line , the bctcer to number 
; the degrees. 

; _ 14 Fromavemicircle thus prepared, the lines of 
» Chords, Sines, Tangents, and Secants, may caſily be 
transferred upon a Ruler, 

For the extent from B to G, {et fromK te L, is the 

chord of go, and from Bro M, will ſet off K M 
80, and ſothe reſt, and the line K L ſhall be the 
line of chords. 
15 Sines (as hath been (aid) are cither Right, or 
Vetſed, lines drawa parallel] to the diameter B C at 
every tenth degree , ſhall cut the Radius or whole ſine 
- A Ginto 9 uncqual parts,and the line. A G ſhall be the 
line of Right Sines. 

16 Bur the lines falling perpendicularly upon the 
Diameter BC from every tenth degree, as the lines 
 QY,P X,&c.arethe right fines of 40 and 5 o degrees, 
equal tothoſe in the line A GC; and doe alſo, cut the 
diameter B C into 18 unequal parts,and the diameter 
B C ſhall be the line of Vetſed Sines, 

17 Lines drawa from the cemer A through every 
centh degree of the circle , tothe right line BZ per- 
pendicular to the Radius A B, ſhall cur the ſaid per- 
pendicular line into unequal parts , and the line B Z 
thall be the line of Tangents. | 

And thoſe very lines which being drawn from the 
center A, tothe petperdicular B Z,thall be the Secants 
__ of the arthes, through whirh they are drawn, rnm- 

beted froth the editn'T , Which being transferred to 


the line A G, the (aid line AG ſhall be the line of 
| Secants, PRO-- 


is the chord of # degrees, by help whereof the Qua- Fig. 17: 


(16) 
PROPOSITION 6. 
The arch of a circle being given, to de. 


ſcribe the whole periphery thereof. 


Fig. 46, LE: A BCbean arch given, whoſe periphery may 


caſily be found in this manner : Let there be thre: 
points taken in the given arch , where you pleaſe, 4 
A,B, andC, one foot of your compaſles being placed 
in the point A, opening the other to more than half 
the p- | pacgs of A B, deſcribe the arch of a circle : then 
the compaſſes remaining at the ſame diſtance , ſeting 
one foot in B,deſcribe another arch ſo as it may cut the 
former in the two points Gand H, through which 
draw the right line H G towards that part in which 
you ſuppoſe the center of the circle will be. 

In like manner, with the ſame or any other, greater 
or leſſer extent of the compaſles, let there be drawn 
two other arches from the points B and C,cuttingeach 
otherinEandF, and draw the line E F, where this 
line ſhall interſe& the former , which here is at the 
point D, there ſhall be the center of the circle to be 


drawn. 
Conſeftary 


Hence therefore ut followeth : That any three prints « 
A, B, and C, being given , not lying in a right line , may bt 
brought into a (urcle. 


—— 


EM A IV: 
Of Right hned Triangles. 
Hz we; have ſpoken' of the' firſt king of 


Magaitude,that is,of Lines;as they are conſi- 

K. dered of themſelyes, or amongſt themſelves, 

| 2 Theſecond kind of Magnitude, is that 
which is made of lincs, that is, a Figure. ik 


(17) 


3 A Figure » is that which is cofnprehended by one 
or more l1mits, yet every quantity which hath bounds 
or limits, is not a figure, and therefore we doe not (ay, 
. That a finite line , or an angle which is comprehended 
by the legs or {ides thereof, is, or may be called , a fi- 
gre: burtthat quantity which hath a bound or limit 
on every ſide. Whether it be bounded with one limit) 
as a Circle , a Sphere, a Spheroide . and ſuch like ; or 
with more, asa Triangle, a Q1adrangle, a Pyramis, a 
Cube, &c. 

4 The terms or limits of eyery figure, are cither 
lines, or ſuper facies. 

# 5 A figure which is terminated by lines is a ſuper- 

CiCS, 

6 A Figure which is bounded or limitc4 with (aper- 
ficies, isa body or ſolid. 

7 A Superficics is a magnitude both long and broad, 
long by reaſon o: the length of the line, and broad by 
 rea{on of the motion ot the line, which ir maketh 
crols-wilſe. 

$ A Superficies is cither right lined, coryilined , or 
compoſed of both, 

9 A Right lined plane or ſuperficies , is that which 
is termioated with right lines, It is either a Triangle 
or a Triangulate, 

10 ATriangle orthe firſt right lined fgure, is that 
which is comprehended by three right lines, Ir is d- 
{tingniſhedeither from the ſides, or trom the angles. 

11 InreſpeR of the ſides, a Triannic is cither [ſc- 
plenron, [ſoſccles, Or Scalenum, 

An Iſopleuron Triangle , is that which hath thre: 
equal f{1des. 

An Iſoſceles , which hath twoequal {1 ics. 

A Scalenum, whole three ſides arc all unequal. 

12 Inreſpe& of the angles. A Triaiugle is cither 
Right, Obtuſc or acute. ; 

A Right angled Triangle, is that which hath one 
right angle re. WO acute, "i 


Fig.19, 


(18) 
An Obtuſe angled Triangle , hath alſo two acute 
angles, but one obruſe. 
n acute angled Triangle hath all the three angle; 
acute. 


PROPOSITION 7. 


Upon a right line given, to make an ordi- 
nate triangle , that is, an equiangled 
and equilateral triangle. 


LE AF. b-a right line given, upon which ic is re- 

quircd io make an cequiangled and equilateral Tris 
angle; upon the points A and E as upon two centers, 
deſcribe two arches, either above or beneath the line, 
cutting each other in F, from whence let there be 
drawn the right lines FAandFE : ſoſhall the Trian- 
gle A FE be cquiangled, and equilateral. 


PROPOSITION. 3: 
Upon a right line given, to make an Iſo/- 


celes triangle. 


LEBA be. the right line given, from the points 
A and B as from two centers , but at a lefler extent 
of the compaſles then AB, it you would have A Bto 
be the greateſt , at a greater it you would have it tobe 
leaſt, deſcribe two arches, cutting one another in F: 
from whence draw the lines FA andF B, ſo ſhallthe 
triangle AFB have the two ſides A F & F B, equal by 
reaſon of the equal extent of the compaſles,8& cither of 
them greater or lefſe then A B, as was required, 


PRO 
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(19) 
PROPOSITION 323 
To make a triangle whoſe three ſides , ſhall 


be equal to any three lines given, if 
every two lines be more then the third. 


J Er A.B.C, be the three lines given, any two of Fig.19. 


which arc more then the third, (for otherwiſe a 
Triangle could not be made of them.) 

Make D E equal to one of the given lines, ſuppoſe B, 
and from D as a center , at the extent of A, deſcribe the 
arch of a circle : in like manner, from E at the diſtance 
of C, deſcribe another arch interſefing the former in 
F, then ſhall the right lines FE, FD, and D E com- 
pretend a Triangle , whoſe three ſides ſhall be equal 
to the three right lines given A. B, and C, as was :c- 
quired. 


C_— — — - _—— 
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38 & Þ Th. 6 
Of © uadrangles. 


[therto we have ſpoken of the fr(t kind of right 
lined plaines, that is, of Trianolcs. 

The ſecond ſort of right lincd plaines, is 

called a Triangulate. 

1 Anda Triangzlate is a plain compoſed. of Tri- 
avgles. 

2 The ſides of a Triaxgulate , arc in number more 
by two, then the Triangles of which it is compoſed. 
Becauſe two right lines cannot on every {ide include a 

ure , but thatthree atthe leaſt are required , which 
oc conſtitute a Triangle? , or firſt right lined figure : 

ſides a Triangle is a figure corapo{ed of Triangics, 


-- 


4 ray be reſolved into rhem : which reſolution into 
| oF) ſriangles 


Fig. 20, 


(20) 
Triangles is done beſt, by drawing right lines fron 
any one angle toallthe reſt: yetſo, asthat they mzy 
f Ice the oppoſite angles ; for that right lines can. 
not be drawn to the two neareſt angles, tor {0 they 
would be the ſame with the ſides of the Triazgutar 
as inthe Figure ABCDEF, if right lines be drayy 
from Fro A and E, they wili be the ſame with theline: 
FAandFE, by drawing whereof, there would hz 
no angle made, and theretore alſo no Triangles : bu: 
by drawi.17 theright lines F D. F C.& FB, inthe fix- 
{1ded Triangulate A BCDEF, we have the fou; Ti. 
angles, FAB. FBC FCD.andtDE. 

Every Triangulate therefore, may be reſolved into 
as many Triangles as there are angles in it, thoſerwy 
onely excepted to which right lines arc not drawn, 
And therctore a Q»adrang/e which hath four fide; 
and four angles . can be reſolved but into two Trian- 
gles: a Pnincangle into three , a Sexangle into four 
and {o torward , the Triangles being ſtil] in number 
fewer by two, then there are ſides 11 the Triangular 
gi Ven. 

3 A Triangulate, is cither a Q#adravgle, or a Mol: 
angle. 

A Quadraryle, is a plane comprehended by four 
right lines, and 1scither a Par«1-/ogram, or a Tre 
pewLIrnum, . 

5 A Parall- gram, is a Quadangle whoſe oppoſite 
{1des, are parallel or equidiſtant, and is either Right 
angled or Oblique. 

6 A Right-angled Parallelegram , is that which 
= every angle right, and is either a Square or an 

>long. 

_ 7 A Square, isa Right-angled Paralelogram, who: 
tour (ides are equal, and the angles Right. 

8 AnOblong, isa parallelegram whoſe angles arc 
all right, but the ſides unequal. 

9 An Oblique angled Paralelogram, is that whale 
angles are all oblique; and is cither a R howbn , ora 
Rhombaides, | 104 


%> 
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* 106 A Rhombmi, is an oblique angled parallelogram 

- of equal ſides. 

=. 11 A Rhombeides, is ſanoblique angled parallelo- 

"gram of unequal ſides. | 

"*X 12 ATratezium,is a quadrangle,but not a parallelo- 
* gram, and it is either right angled or oblique. 

* 13 ARight angled Trapezinm , hath two oppoſite 

Hides parallel, but unequal, and the fide between them 
-perpendicular. 

»- 14 Anobliqueangled Trepezinm, is a Quadrangle, 
+þut not a parallclogram , having at leaſt rwo angles 
.thereof oblique, and none of the ſides berween the pa- 


->rallels perpendicular. 
. ith PROPOSITION rt. 
: Upon a right line given , to deſcribe a 
Square. 


F FPonthe given line A B, ere& the perpendicular 

10h D, equal to A B, and upon the points B and D 
" _atthe diſtance of A B, deſcribe two arches interſe&ting 
one another at E, and draw the lines BEandDE, 
then ſhall the right angled figure AE, be a ſquare as 


Was required, 
P.ROPOSITION 
To make an oblong of two lines given. 


2, 


ah ] -* thetwo given lines be ABand CD, make E Fe- 
-*—qualtoCDand E Gequalto AB, and perpendicu- 
lar unto EF: then at the diflance of E Gequalto A B 
= upon the point F, deſcribe an arch, and at the diſtance 
of E Fequalto CD upon the point G, deſcribe an- 
- Other arch interſcing the former in H: Laſtly, draw 
> thelines H G and HE; ſo ſhall the right angled figure 
E H be oblong, as was required. 


C3 
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Fig,2) 


Fig. 22, 


(22) 
PROPOSITION 3: 


Upon a given line to deſcribe a Rhomby, 
which ſhall bawe an angle equal to ay 
angle given. 


Fig.23s [cz the given line AB, make the angle DAR 


equal to C,and A Dequal to A B, and attheex- 

tentot A B, npon the points B and D, deſcribe 
rwo arches interſefting one another in E, anddray 
the lines E BandED, thenſhall A Ebea Rhomby,, 
as was required. 


PROPOSITION 4. 


Of two lines given to make a Rhomboides, 
having an angle equal to an angle given, 


Fig. 24. | B. the given lines be A Band CD, make E Fequal 


roCDandEG, equalunto AB, and the angle 
GE FcqualtoC, and upon the points G and F, Ge 
ſcribe twoarches interſeCting one another in H; then 
draw the lines FH & G H,ſo ſhall E H be the Rhomboi- 
des, Which was required. 


—_— _—— ——— 


CHAP. VI. 
Of «Multangles. 


itherto of Quadrangles, or the firſt ſort of 
Triangulates: The ſecond we call 24nttangler. 
_ 7 ARightlined Muttaxpled plain, is that, 


 * "which 1s comprehended by more than four 
rightlines: And by this general name , E:1ide doth 
comprehend all other right lined figures: As the 


Duincangle, 


voy (23) 
 Onincangle, Sexangle, Seprangle , and (ach like. Thus 
alſo from the number of the ſides comprehending the 
) Fouce, it may fitly enough be termed , a five-fided, 
! _Hx-ſided, ſeven-ſided figure, 

= 2 A Mvlrangle right lined plain or Polygon , is ci- 
= er ordinate and regular, or inordinate and irre- 
—pular- | 
þ + 3 Ordinate and regular Polygons, are ſuch, which 
c arc contcincd by equal fides and angles: as a Perta- 
W 2" Hexagon, and fuch like. 
: 4 Inordinate or irregular Polygons, arc ſuch as are 
Conteined by unequal f1des and angles. 


y PREUPOUSETION 2. 
; A Multangle or right lined Polygon being 
2 given, whetber regular or irregular, to 
il » make another right lined Polygon, upon 
& * a right line given, like to it, and inlike 
n __ manner ſuuated. 


Pon the right line A L, let it be required to make Fje, 25, . 


A a right lined {ixangled figureglike & in like man- 

- ner ſituated as the figure CD EF GH. The fides C D 
2nd CH being produced, from the angle C,draw right 

nes to all the other angles: as CE.CF. CC, and 

CH make CK equalto A L, and K Þ parallel 
© H G,and PM parallel to GF, and ſothe reſt rill all 
the ſides, except CH and CD, ſhall have there pa- 
allels, ſo hall be made what was required : that is,the 


;, &xangled figure CDEFGH , and in like manner 
uated, and that upon the right line CK , equal to - 


- 4 
- PR O-/- 
bY, 


(24) 
PROPOSITION 2 


To make a regular Pentagon and Decagoy 


in a given Circle. 


A, whoſediameter is B C, from the center A, 
ereR the Radius A D perpendicular to the diamarer, 
and let the Semidiameter A C be cur inthe middle, 
ſuppoſe at E, and the diſtance E D fer upon the diame. 
terfrom Eto G , and draw theline GD , which ſhall 
be the (ide of a Pentagoa, and A G the fide of a Deca- 
gon to be inſcribed in the circle given. 

The right line DG being theretore applied five timss 


inthe circles circumference, v:z. in the points D. IK. - 


L. and M, the right lines DI.IJK.K L. LM. and MD, 
ſhall make a regular pentagon as was deſired. 

In like manner, it the diſtance A G were apylicd in 
the ſame circle ten rimes,the lines drawa to cacti point 
will conſtitute a regular Decagon. 


Þ Here we may nite That a Polygon being inſcribed. 


i1a circle, another polygon may be inſcribed in the 
ſame circle, whole fides and angles ſhall bs rwices 
many as in the polygon os , tor every arch being 
divided into two parts , the right lines or {ubten{es ot 
thoſe diviſions ſhall be the fides of ſuch a polygon, A 
Decagon therefore being inſcribed , an Ifolagon of 
figure of twenty {ides may be in{cribed alſo, and: 
Hexagon being inſcribed , a Dodecagon , or figure df 
rwelve-{ides may calily be made, 


PROPOSITION 3;. 
In 2a carcle given to def, cribe a regular 
Hexagon. 


He fide ota Hexagon is equal to the Radius of: 7 
circle, the Radius of a circle therefore being ft 


times applicd tothe circamference of it, ſuall give Jo 


8} 


= 


Fig.16, & + there be a ſemicircle deſcribed upon the center .* 


IF 


0 as OR we > WA = A424 a> + 


LI Aa READ "mT 
- Lacs: £ No PS bo ERA TT, k 
het Patton” OT ONS ENT 34 5 Ott 
L : I x E 28; $2 _ » ty We x f YT « 
S'- a4 +7 6 "T4 PE dS . C 
F % \ wed : +F a. ” KREIA of i 


(25) 


=® ſix points, to which lines being drawn from point to 
= point, ſhall conſticute th: regular Hexagon, as was de- 
= fired. 


> 
> 

* T2 
me. 5: 


PROPOSITION 4. s 


% In a circle given, to make any regular Po- 


: 


> ligon whatſoever. 


3 [vide the circumference of the circle , that is 360 
; D degrees , by the number of ſides or angles in the 
poligon deſired , the aumber of degrees in the 
= quotient, take from a line the chords {uteable to the 


* > Radiusot thecirck given, the chord of that arch ſhall 


> be rhe 1ide of the poligon deſired : As it an Oftogon 
> wecerequired, the number ot degrees in a circle , viz 
- 260, betng divided by 8, the quotient is 4+ : 11d there- 


> forethe cbord of 45 degr. ſhall be the fide at an Octo- 


>= gon: and ſoot any other. 


CY 
>,” Y 


_ 


'% POPOSITION 5$. 
- Upon a right line given to make any re- 
gular polygon whatſoever. 


x wy 2on the rightline AB, letir be required to de- 
F'. ſcribe a Quincangle , upon the center A, atthe 
A diftance of \ B,deſcribe the circumference of a 
ircle, and let AB be continued trom AtoC, foas 
C may be the diameter : and the degrees in a circle, 
5z. 360, being divided by the number of fides, or 
*avgles in the polygon deſired , the degrees inthe quo- 
Ficnc number from C towards D. Thus for the ſide 
-of a Quaincangle, I number trom C to D 72 degrees , 
Wen they will be the number of degrees in the quo- 
Sicnt, a whole circle _ divided by 5, then draw 
| *e right line AD, which together with A B ſhall 
-—Econſtirute rhe angle of the pentagon to be deſcribed. 
& hercfore it a circle be deſcribed by che three points 
ven B, A,D, andtherightlinesD FE, FF. ard FP © 
Þ) te zrf 


Fig.27» 
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PROPOSITION 2, 
To make a regular Pentagon and Decagyy 4 


in a given Circle. 


F18.26, E; Et there be a ſemicircle deſcribed upon the center 


A, whoſe diameter isB C, from the center A, 
ere the Radius A D perpendicular to the diamater, 
and let the Semidiameter A C be cut inthe middle, 
ſuppoſe at E, andthe diſtance E D fer upon the diame. 
terfrom Eto G, and draw theline G D , which ſhall 
be the (ide of a Pentagon, and A G the fide of a Dec 
gon to be inſcribed in the circle given, 

The right line DG being theretore applied five time 
inthe circles circumference, viz. in the points D. I. K, 
L. and M, the right lines DI. IK.K L. LM. and MD, 
ſhall make a regular pentagon as was deſired. 

In like manner, if the diſtance A G were apypliedin 
the ſame circle ten times,the lines drawa to cacti point 
will conſtitute a regular Decagon. 


"ÞD Here we may te, That a Polygon being inſcribed | 
ina circle, another polygon may be inſcribed in the 
ſame circle, whole f1des and angles ſhall berwices > 
many as in the polygon - who , tor every arch being 3 
divided into two parts , the right lines or ſ{ubtenies of © 
thoſe diviſions ſhall be the {ides of ſuch a polygon, 4 
Decagon therefore being inſcribed , an Ifolagon or 
figure of twenty {ides may be inſcribed alfo, and: 

exXagon being inſcribed , a Dodecagon , or figured 
ewelve-{lides may calily be made, 


PROPOSITION 3. 
Iz a circle given to deſcribe a regular 


Hexagon. 4 
Ds ſide ofa Hexagon is equal to the Radiusof: 
& circle, the Radius of a circle therefore being fit 2 
times applicd tothe circamfcrence of it, ſhall give yo Y 


(25) 
 ſixpoints, to which lines being drawn from point to 
<< _ ſhall conſticute the regular Hex agov, as was de- 
> tired. 
hs 
Vu PROPOSITION 4. s# 

* In acircle given, to make any regular Po- 
> ligon whatſoever. 


* lvide the circumference of the circle , that is 360 
7 D degrees , by the number of ſides or angles in the 
hs poligon deſired, the aumber of degrees in the 
= quotient, take from a line the chords {uteable to rhe 
"> Radiusot thecirclke given, the chord of that arch ſhall 
>> be the 1ide of the poligon deſired : As it an Oftogon 
* wecercquired, the number ot degrees in a circle , viz- 
2360 betng divided by 8, the quotient is 4+ : 2nd there- 
> forethe cbord of 45 degr. ſhall be the tide at an Octo- 

** g0n: and ſo of any other. 


POPOSITION 5. 
- Upon a right line given to make any re- 
gular polygon whatſoever. 


I Pon the right line A B, let it be required to de- 
we ſcribe a Quincangle , upon the center A, atthe 
"I diftance of © B,deſcribe the circumference of a 
=Tircle, and let AB be continued trom AtoC, ſoas 
*B C may be the diameter : and the degrees in a circle, 
Wiz. 360, being divided by the number of fides, or 
angles in the polygon deſired , the degrees inthe quo- 
Ficac number from C towards D. Thus tor the fide 
of a Quaincangle, I number trom C ro D 72 degrees , 
Wn they will be the number of degrees in the quo- 
cnt, a whole circle ug divided by 5, then draw 
* Wc right line A D, which together with A B ſhall 


— = a ” egcn we TD 


conſtitute che angle of the pentagon to be deſcribed. 
by che three points 
lines D EF, F F, art Fi + 
DO oof 


hercfore it a circle be deſcri 


of: i 
=Wven B, A,D, and the right 
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thatcircle made equal toABorAD, there ſhall be 
made a regular pent2gon,upon the right line AB given, 


as was rcquired, 


' _ PROPOSITION 6, 
In a circle giver , to carcumſeribe an) 
regular polygon whatſoever. 


Er a regular polygon be inſcribed within the cix- 
L cle given by the fourth hereof , and tothe extre- 
miries of the ſeveral ſemidiameters, drawn from 
the center to the angles of the polygon inſcribed , let 
there be erected perpendiculars-: rhoſe perpendiculars 
ſhall conſticute a regular polygon of as many equal 
fides and angles circum{cribing the circle, as arc ia the 
polygon in(cribrd. 


For E xample, 


"pe" Let apentagon be inſcribed in the circle, and from 

F;8+ 29+ the center A to the ſeyeral angles, draw the Semidia- 

meters AB. AC.AD. AE. and AF, to whoſe cx- 

rremities, if there be drawn the perpendiculars GH. 

HLIK.KL.andLG, mecting in the points G. H. 1. 

K.and L, there ſhall be deſcribed a regular pentagon 
aboutthe circle given. 


5 And now having ſhewed what a right lined figure 
is, and how the (everalſorts of them may be delcri- 
bed, we will in the next place ſhew you, how they may 
be meaſured , both in reſpe& of the lincs' by which 
they are bounded, and alſo of there area, or ſuperficial 
content. 

6 And firſt, we ſhall ſhew how the lines and angles 
of all plain figures, eſpecially Triangles, may be mca- 
ſured, as being the firſt and chicteſt of them , and into 
which (as hath been ſaid) all other may be reduced. 

7 The ſides of all plain Triangles, and other plain 


fgures,are meaſured by the ſcake,or line of ou) pom 
; 


> 
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g The angles are meaſured by the lines of Sines 
angents » or Secants: but chiefly by the line of 
* Chords; how they arc tobe meaſured by Sines, Tan- 
* gents, Or SCCAnNts ſhall be ſhewed in the ſcvera! Pro- 
” ÞJlemes, in which they are proper , inthis place ic ſhall 
ſuffice ro ſhew how any angle may be meaſured, by 
the line of Chords onely. 


PROPOSITION -7, 
To find the quantity of any right lined angle 


given, or to lay down an angle to any 


quantity or number of degrees propoſed. 


, T? find the quantity of an angle given : Let Fig.2g. 


the quantity of the given angle E BD be re- 

quired , _ compaſles in the line of 

Chords , trom the beginning thercof, to 60 degrees , 
(becanſe the Chord of 60 is equal to the Radius inthe 
ſame circle ) and ſetting one toot thereof inthe point 
B, wich the other , deſcribethearch D E , then take in 
your compaſſes the diſtance between Eand D, and 
applying that extent tothe line of Chords, it will ſhew 
you the number of degres conteined in that angle, 

which in our example will be found to be 4odeg. 
Secondly, To make an angle to the quantity or num- 
ber of any degrees propoſed ; draw a line at pleaſure 
as AB, then open your compaſles to the number of 
co degrees in your line of Chords as before 1nd ſetting 
one foot inthe point B, with the other deſcribe the arch 
ED, and from the point B let it be required to make 
an angle of qe degrees , open your compaſſes to that 
extent in the line of Chords, and ſerting one foot in D, 
wi: h the other, make a mark as at E, and draw the line 
E B, ſo ſhall the angle A BE contein 40 degrees, as was 
t cqnired. 


4 —_ 
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D —_—_—_ —_————_—_— 
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Cna?. VIE. 
Of the reſolutton of platn Triangles. 


XN the reſolution of plain Triangles,the ng one- 
ly being given , the ſides cannot be found, but the 
reaſon of the ſides onely, it is therefore neceſſary 
chat one of the ſides be known, 

2 Incvery plain Triangle, two angles being given, 
the third is alſo given ; and one angle being given,the 
ſum of the other rwo is alſo given, becauſe the three 
angles togerher are equal tg two right, or 180 deg, 

3 Inaplain Right angled Triangle,one of the acute 
angles is the complement of the other to a quadrant or 
go degrees, 

4 L a Right angled Triangle, two terms (beſides 
the Right angle) will ſerve for the finding out of the 
third ; ſo that one of them be a fide. In the reſolution 
therefore of theſe Triangles, there are three terms in- 
gredient ; but in Oblique angled Triangles there are 
tour : indeed the Rules and'Axioms by which all tri- 
angles are to be reſolved, doe ſtil] ſuppoſe three things 
ro be given for the finding ofa fourth , but in Right 
angled Triangles, it is ſufficient to have two, becaulc a 
third, to wit, the right angle, is alwayes giyen, 

5 Allplain Triangles, may mechanically be moſt 
rcadily reſolved, with the lines of Chords , and equal 
parts, bur becauſe the reſolution of them by the lines 
of Sines, Tangents, and Secants, will much help a be- 
| mm—_ to underſtand the Canons or Axioms by which 
they are to be reſolved in numbers ; we will here (et 
down the Axiomsthemſclves,and ſhew how all Rigir 
and olique _ plain Triangles may mechanically 

be reſolved accordingto thoſe Axioms allo. 


6 The Axiowss by which al plain Trianglcs og 


cal. Mt 


...—— 
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| *Wereſolved are four ; one of which is proper to right 
"angled plain Triangles onely ; the other three are true 


in all. 
72 In right angled plain Triangles, the fide (ubtend- 


"*ingthe right angle we call the Hypotenuſa, as the ſide 


'BC ſ(ubtending the angle B A C, and the ſides compre- 


 hending the right angle we call the legs,as A B& A C, 


eA X 1 OM 1, 
In right angled plain triangles. As ct» 
ther leg , is to the Radius; So is the other 
leg, to the tangent of the angle oppoſite 


thereunto. 


Or ſo is, the Hypotenuſa , to the ſecant 


of the angle oppoſite to the other leg. 


©* 


 onely,, as by the followin 


"PF Tx'i WM" 
In all plain triangels. The fides are pro- 


portzonal to the ſines of there oppoſite 
angles. b 


the things inquired, in any of the (even Caſes 
of Right angled plain Triangles, and for ſome 

of the things inquired in oblique alſo. | 
In right angled plain Triangles , If the hypotenuſa 
be one of the things given or inquired, you may uſe 
the ſine or ſecant of the degrees inthe given, or in- 


| * Heſe two Axioms are (ufficlent for the finding of 


_ quired angle. 


Bur if the hyponuſa be neither given nor inquired, 
yort may uſe the ſine or tangent of the degrees in the 
angle given , and: of the m_ inquired the tangent 

roblems it ſhall be pro- 

ved: in which we will rcfolve the Caſes in right an- 
gled plain Triangles : firftby the Scale of equal parts 
aodrtax lipe off Chords on and then by the lines 
© . 


p 


Fig.1g, 


Fiec29. 
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+. A_- 
of Sines, Tangents, and Secants, in thoſe Caſes whict 
are proper for them. 


PROBLEM rn. 


aid the other leg, 


N any Right anglcd Triangle, let one of the legs be 
1 512, the leſſer angle 36.87 degrees, and the ,greater 
52-13 degrees. Draw a line at pleaſure, as A B, and at 
right anglestothe point A , cre& the perpendicolat 
A C, and by help ot your Scale of equal parts, ſct of 
from A to B 512, and upon the point B, by the 7 Prop. of 
the laſt Chap, lay down an angle of 36.87 deg. and 
draw the lineBE, till ircut the perpendicular AC, 
then mcaſure the lines B C and A Cby the'Scale of 
equal parts, ſo ſhall the one, viz. B C , bethe hypote- 
nuſa, and A Ctheother leg inquired. 

This Problem doth contein two of the ſeven Caſes 
in Right angled plain triangles, reſolveable by the 
former Axioms, 


The angles and one leg 1 The Hypotenuſa. 
given, to find 2 The other leg. 


[n the firſt of theſe Caſes the hypotenula is inquired, 
& theretore in the proportion we may make ule cither 
of the line of Sines onely, or onely of the line of Se- 
cants, or of the lines of I angents and Secants joyntly, 
with the Scale of equal parts. 

By the line of Sines and equal parts , this Caſe may 
be thus reſolved ; draw a line at pleaſure as A B, and 
make BD cqual to the fine of the angle oppoſite to 
the givenleg AB 512, viz. 53-13 deg. and upon the 
pol gt D. erect the perpendicular D E, and the perpen; 
dicu/ar A Cupon the point A, then open your com- 
pallcs to the Radius 4 


{02 in B, turn the other till ittoughthe line D E, aud 


there make a mark;(upogſe at Ezand draw the line B 6 
whic 


your Scale, and {ſetting one 


p 
eds. Aa & .&> a ww 3 
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hich muſt be continued rill it cut the other perpendi- 
cular AC, then is BC the hypotenuſa as before, 
*2and the proportion 1s , 
: BD.BA::BE.CB. 
Secondly , By the line of Secants and cqual parts » 
this Caſe may be thus reſolved : Draw A B at pleaſure 
as before, and from A to B ſet off the ep oiven, and 

*make B F equal to the Radius of your Sc ale, and upon 

"the point F, erect the perpendicular FG, then open 
your compaſles in the line of the Secants, to the quan- 
tity of the angle adjacent to the given leg A B, and 
ſetting one foot in B, turn the other abour, til] it touch 
the perpendicular Þ G ſuppoſe at G, and draw the line 

' BG, which muſt be extended till it cut the other per- 

* pendicular A Cercted upon the point A as betore, 
and thus alſo the right line B C ſhall be the hypotenuſa 
inquired , and the proportion, ' 

Radius BF,BA :: BG. BC, 


Fhirdly , By the lines of Tangents and Secan®s Fig, 31 
- joyntly with the Scale of equal parts, this Cafe maY 
be reſolved, drawa line atpleſureas AB, and upo"? 
the point A ere the perpendicular A C, then number 
the given leg from A toB, and make BFequalto the 
Radius of your Scale , and upon the Point F, erc&the 
perpendicular F G, and upon your line of Tangents 
{ .. openyour compaſles to the tangent of the angle adja-» 
cent to the givenleg AB, and ſet that diſtance from 
Fro G, and draw the line B G, which mult be extended 
till it cut the other perpendicular A C as before, ſo is 
BCrhe hypotenula inquired, and making C H equal 
ro the Radius of your Scale, the perpendicular K H 
ſhall be the tangent of theangle at C,and K C the (ecant 
of the ſame angle, and the proportion, 


KH. A::KC.BC 


To find the other leg. 


Ic the ſecond of theſe Caſes the other leg is inqui wm ; 
al 


C53 
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and therefore in the proportion we may uſe the line g 
Sines onely, or onely the line of cangents. 

By the line of Sines, the Triangle muſt be protry. 
fed, as bath been already ſhewed » 1n the uſe of the lin: 
of Sines to find the hypotenuſe, and the proportion, 

BD.DE::BA.AC. 

By the line of Tangent, the Triangle rauſt be pro. 
tracted,as hath been thewed in the third way of finding 
the hypotenuſe, and the proportion 1s, 

Radius BF.FG::BA.CA, 
Or, KH.-HC::BA.CA. 


PEREOBLEBEN 


The Hypotenuſa aud oblique angles gwen , to find the 
legs, | 


Flig.2g., ] N any Right angled plain Triangle : Let the given 
hypotenuſa be 640, and one of the angles 26.87 deg. 
the other is the complement thercot to a qua: 
drant 53 deg. 1 3 m- Draw a line at pleafurcasBA, ' 
and upcn the poir.t B protract one of the angles given, 
{uppole the lefler, and draw the line B C, and by your 
Scale of cqual parts, number from B to C the hypo- 
renuſa given, and from the point C ro the line A B, 
let fall the perpendicular CA , thenis B A one , and 
CA the other of the legs inquired. 

This Problem conteineth bur one of the {even Caſes 
ina Right angled plain Triadgle, viz. the third Calc, 
as we haveFlaced them, and may be reſolved as hath 
been ſhewed in the preceding Problem , cither by the 
line of Sines onely , or onely by the liue of Sccauts, 
or by the lines of Tangeuts and Secants joyntly with 
the, Scale of cqual parts, the manner of protraction 
hath been already ſhewed, and the proportions are but 
the inyerſe of the former, 
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The Proportion by Sinet. 
BO.BAtBE.BGE.ThereforeBB,B C:itBD.BA, 

The Propertian by Sorauts, 
BE, BA:itBG.BC, Therefore BG.BC::BF.,BA, 
T he Proportion by Tangents and Sceamts. 


K H,BA::K C, BC. Therefore CK , BC;;K H.B As 


PROBLEM 2. 


The Hypotenuſa aud one leg exven , to fird the c:o!es 
ane th: other leg, 


N any right angled Triangle let one of the legs be ., 
| [: t2, and the dyoemants 34 Draw a line at play- F129. 

(ure as A B, and by your Scale of equal parts, number 
from Bro A the quantity of the leg given , then upon 
the point A, erc the perpendicular A C, and open 
your compaſſes ro the extent of your _—_— gi- 
ven , ad ſerting one foot in B, move the other till 
it touch the perpendicular A C, and theredrawBC, 
{o ſhall A C be the leg inquired , and cither angle may 
be _ by the line of chords, as hath been ſhewed 
already. 

This Problem doth contein two other of the ſeven 

Caſes ina right angled plain Triangle. 


The hypotenuſa and the F 4 The oblique angles. 
leg given, to find 5 The other leg. 


The manner of Jratuon hath been fully enough 

declared inthe firſt Problem, herc therefore ir ſhall 

ſuffice to ſer down the proportions in cach Caſc , and 

rſt of the fourth Caſe, 
4 Caſe, 

1 be hypotenuſa and a leg given,to find the 051i9:44c angles. \\ 
by Sines BC.BA::BE, BD- 

TherctoreQgby Secants BA.BC::BF.BG. 

by tang, & ſecantsBA.KH::BC.KC. 

E 5 Calc 


Fig. 29+ 
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5 Caſt 
The Hypetenuſs and leg given, toflnd the other leg, 


This Caſe requireth two operations, the firſt is to 
find an angle by the Caſe |, 09g oy & the ſecond is to 
find the leg inquired , either by the third Caſe laid 
down inthe ſecond Problem , or by:the ſecond Cafe, 
laid down in the-firſt Problem. 


PROBLEM 4. 


The legs gice2 to find the Lypotenuſa , and either of the 
oblique angles, 


bd any Right angled plain Triangle, let cithcr of the 

ivenilegs be 512. and the other 384. Draw a line at 
Pleaſureas A B, and upon the point A, creft the per- 
pendicular A C, and by help of your Scale of equal 
Parts, ſet of from Ato B'512, andalſo from A to C 
384. and draw the line BC for the hypotenuſa , which 
muſt be meaſured by the Scale of equal parts, and tlc 
oblique angles, as hath been ſhewed already. 

This Problem doth contein the two laſt of the ſever, 


Caſes inright angledplain Triangles , reſolveable by 
theſe Axioms. 


Thelegs given 6 The oblique angles 
ro "-'q ; ] 7 The Hypotcnufa 


In the firſt of theſe Caſes , the hypotenuſa is neither 
given nor inquired , therefore theproportion muſt be 
by tangents onely : the- manner of' protrattion hath 
been alrcady ſhewed in the firſt Problem : the propor- 
tions are, 


BA.CA::BF.GF.Oothus,CA.BA::CH, KH. 
9% C2. 
T he legs given te find the bypotenuſa, 
This Cafe requirerh two operations , the firſt is to. 
fad an angle by rhe Caſe preceding ; the fecond - w 
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- find the hypotenuſa by the ſecond Caſe, whole leveral 
proportions ate laid down inthe firſt Problem of this 
xchapter, and nced not be again repcarcd. "IN In 
- Hitherto we have ſpoken of Right angled plaia [ri- 
-  angles,theProblemsfollowing concern ſuch as are ob- 
lique angled, the reſalution whereot by the line of 
- *hords & cqual parts is plain and cafic,but by the lines 
of ſines and :angents more troubleſome, we will how- 
evcr illuſtrate!» >th, and firſt ſet dowa the rwo remain - 

- ing Axioms, upon which the proportions t& ac there 

relolution by numbers doe depend. 


SATO A + 


Iz all plain Triangles , As the balf ſum 
of the ſides, is to their balf difference : So 
1s the tangent of the balf ſum of their op- 
poſite angles, to the tangent of their half 
difference. | 
"Fai = an" 

[n all plain Triangles ; As the vaſe is 
to the ſum of the other fade, So is the diffe- 
reace of thoſe ſides, tothe diff, erence of . the 
\Jegments of the baſe. 


/ Theſe two Axioms are for the ſolution of thoſe 
Caſes in oblique angled plain Triangles, in which the 
two former Axzoms ate deficient : for ſome of them 
may be reſolved by theſecond Axiom onely, and one 
other caſe may be alſo reſolved by the ſecond , but 
hot without help of the fourth : the Caſes reſ{olveable 
the ſecond Axiom onely are cxprefled in therwo 
ac Problems, andthar Caſe in which the help of the 
fourth Axiom is required,we have reſeryed to the laft 


_ E 2 PRO- 


: 


| 
| 
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PROBLEM 5s, 


Two angles in an oblique angled plain Triangle tein 


 gruen, with ary one of the three ſides, to find t| 
other ſides , and the third angle. 


Fig.32» | b> any oblique angled plain Triangle, let one of the 


given angles be 22 d-. and the other 33.98. d. and le 
the given fide be 570, the ſum of the two angles give, 
being deducted from a ſemicircle , leaveth the thir, 


angle: then draw the line C D at pleaſure , and & - 


off the Q1V [? [1de 670 from Cro D, 2nd up WN thoſe 
points protrat the angles adjacent to the given ſide, 
and draw the lines C Eand DE, which mult be <&. 
rended till they interſeRt one another , to maketh: 
triangle CE D, in which the ſides unknown may h; 
calily mea'nred, as hath been ſhewed already, 

In this problem there 1s conteined but one of th: 
Caſcs in an oblique angled plain triangle, and that may 
be reſolved by the ſecond Axiom of this chapter. A; 
in the oblique plain triangle CE Dlet 


Side be ' CD. 67e 


The given \DCE 22 
deg. 
Angies 2CED 33.98 deg. 


Then the proportion iss CED.CD ::5E CD.DE 


F1g.33- Torcſolvethis caſe by the line of Sines and = 
thar 


parts,conſider whether. the {ide given be longer 
the fine of the angle oppoſite thereunto or nor. 


[If the fide be longeſt , make A F equal to the give: 
lide CD 670 and opening your compaſles 13 tht 
line of Sines to the extent of the angle atE 33.98 deg. 
ſer one foot in F, and with the other deſcribe the arc 
& » and draw the line A G, then take the fine of th 
angle C 22.deg. out of the ſame Scale, and ſetting on 
foot of that exten. upon the line AF, removing ittil 
ic fall in fucha place; as that the other foot bein: 
curne: 


Bug * 
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(37) 


4 "Zcurned about will juſtly touch the line A G before 


drawn » and whefe upon ſuch conditions it refteth , 

make thepoint H. Then, meaſuring A H upon your 

” Scale, you ſhall find itto reach 449 for the extent of 
DE the ſide inquired, 

But if your Scale of Sines be of ſuch a length, as 
that the- fine of your angle doth exceed the length of 
- your ſide oppolite thereunto, make A F equal tothe 
{ine of your greateſt angle givenCED 23.98 degrees, 
”* andA Hequal to the angle C 22 deg. then opening 
your compaſſes to the extent of CD 670 in the linc 
of equal parts , fct one foot in F,and with the othcr-de- 
ſcribe the arch G, and Jraw the line A G, laſtly, from 
H take the neareit diſtance tothe line A G, and that 


diſtance being meaſured upon the line of equal parts 


ſhall give vou 449 as before. 


PROBLEM 6. 


Two ſides #24 an oblique angled platn Triangle being 
given, with an angle oppoſite to one of them, to find 
the other angles, and the third ſide, if it be konn 
whether the angle oppoſite to the other ſide giuen be 
obtuſe or acute. 


bg any oblique angled plain Triangle, let the given 
angle be 22 deg. and ler the fide adjacent to that an- 
gle be670, and the fide oppolite 4494to find the other 
angles, and the third {ide : Upon the line D C from D 
to C,ſfet off the Jength of the (ide adjacent to the given 
angle 670, and upon the point C , protratt the angle 
given,& draw the line B C,then open your compaſles 
to the length of the other fide given 449, K ſetting one 
foot in D, turn the other abour rill it touch the 
lineB C, which will be in two places inthe point B, 
or the point nearcſ to C it the angle oppoſite to the 
{ide CD be obruſe, but in the point E, or the point 
furtheſt from. C if acute : _ ing therefore to the 

3 


Fig'32. 


{pecics 


Fig, 34- 


(38) 
{{pecics of that angle , you muſt draw either the tin, © 
BD, orE Dto complcat the triangle, and thenya * * 
may meaſure the other angles, and the third fidey 
hath been ſhewed. : 

Tis is another of the caſes in an oblique angled plain 
Triangle which is reſolveable by the ſecond Axiom, 
and the Proportion is the converſe of the former; viz, * 
DE.sECD::CD.$CED, it the angle ſought be 
accute; but, DB.SECD:: CD .$CBD tfithe 
obrulſe. 

The ſolution of this Problem by the lines of fines 
and equal parts, as the ſame with rhe laſt Problem, 
and therefore ncedeth no further explanation. 


PROBLEM 7. 


Two ſides of an oblique angled Triangle being given 
with the angle comprehended by them , to find the 
reſt. 


JIN an oblique angled plain Triangle, let the given 

angle be 124 Jcg-lct one of the given ſides be 67-,and 
449 the nther, to find the third fids and the other 
angles, draw a line at pl-aſure as 3B D, and upon 
che point D, protratt the given angle, ani! diaw 
the line DC. Then open your compaſlcs to the 
extent of 670 in the Scale of equa] parts , and ſet 
them from D to ÞB, and likewiſe to the cxtent of 
449 inthe ſame Scale, and ſet them from D to C, 
and draw the line BC, and ſo have you conſtituted 
th: Triavgle 8DC, in which you may meaſure the 
angles and the third (ide, as hath been ſhewed already» 


This Problem conteineth two other caſes in oblique 
angled plain Triangles, viz. 


Two ſides and their contcin- $3 The oblique angles, 
ed angle given, tofind + 2 4 The third ſide. 


The 


(39) 


= The firſt-of theſe caſes muſt be reſblved by the third 
Axiom. : mcehanically thus, Make A F equal ro 
oth the fides | vis, BD and DC, and AH 
equal to the difference of the ſides, then open your 
-compaſles inthe line of Tangents from the beginnin 
4 the Scale ro the tangentof 29.99 degrees, the ha 


Ffum of the angles inquired, and ſetting one foot in 
Grab F, with the other deſcribe thearch G, and 


draw the line A G,then ſhall the neareſt diſtance {rom 
to the line A G taken in your compaſſes and mea- 

ſured upon the line of Tangents, be the tangent of 

5.99 deg. balt the dificrence ot the angles inquired. 


Now then the half ſum of BandC is 27.99 deg- 
To which the half 4iſſercuce being added 5.99 
T heir {um is the angle BC D 3 2.98 
T bir difference is the anzleCBD 22,00 


| And now having all the angles and two ſides given; 
the third ſide may be caſily found,as hath been already 
ſkewed in the fifth and fixth Problems. 


' PROBLEM 8. 


The three fides of an Obl;;ue avgled Triangle being 
given, to find the angles. | 


LE: the length of one of the given ſides be 497. The 
length of another 670 ; ms the l-ngth of the third 
fide 449. Draw a line at pleaſure as B C,, and by help 
of yaur Scalc of equal parts, ſct off from Bto & 670 
the greateſt ſide, then open your compaſies in the 
fame Scale, tothe excent of cither of the other ſides , 
apd (ctting one foor of your compaſſes in B , with the 
hex deſtribe- an occult arch : laſtly , extend your 
$40 the ſame Scale to the length of the third 
{uppoſe-qo7, and atthat extent ofthe compyiles, 
_ upon 
- 


Fg.33; 


Fig. 34.. 


# 


(40) 
p31 the paint C, dferb another arch ; cutting 
the former in the pbint D, then will the lines B Dan! , 
CD eotfticute and oblique angled Triangle, whate 7 
angles may be meaſured, as hath been already 
EWCei, 
| To refolvethis Problem by propertlons he fourth © 
Axiom mult be conſulted ; by help whereof makiag 
rhe longeſt {ide the baſe, rhe obliqueangicd Triangle 
aiven may be turned into two right angled Triangic: 
in this manner, 
Take the (um and diflerence of the rwo lefler fides, 
Z3BDandDC, there ſum is $36 : there difference 4, 


Now then aa th: baſe BC 679 
Fis.34» ls to the ſum of the fide; RB Dand DC $36 
Fo is the difference af thefides BD and DC 41 

To a ferrth unmber, 17. F 2:66 

Which numb.r ſubtratted from the baſe B C 670, the r: 

mairerisC E. 616.74 


Now then a line drawn from D to the middle: 
C E ſhall cut the line BC ar right angles in the pointF, 
and conſtirute the rwo right angled triangles BDF 
and D FC, in which we have giveathe hypatenufacs 
BD,andDC, and the legs BF and CF, aud there 
tore we may find the angles of thoſe Triangles, as hath 
been ſhewed in the third problem. 


— __ <—— — ” w» _”_—_—— —— —  Gwr— ———— 


Ct 4 3. YE 
To find the ſuperficial content of right 


ms lined Figures, 
0 j \He reſolution or menſuration of Triangula * 


laines in reſpeRX of their {ides and angles, 

th been fully enough ſhewed in the form 

Chapters ; we will now {acw how the Arca or wo 
= 


2 I > 
Tots. 
5S Ly 
2.4 


(41) 
ficial content of thema and any other plain figures m3 y 
"X be found. And becauſe all many ſided figures maybe 
—X beſt meaſured , by reducing them firſt into Right 
2X angled Triangles, Q1adrangles, or Trapczias, we will 

"2 firit ſkew how the Arca or >!perficial content of theſe 
plain figures may be readily touad. 


| 
"Nh PROPOSITION 1. 


ro +4 
PEE tas. 


Ml [2 hd . I X : 
«2 To find the ſuperficial conteit of a right 
< 1A ravalle 
L | augl: parallelogram. [ 
. F you multiply the tw? fides of a tight angicet yarn 
#1Cogram Which comnrehend a ris: le | 7 On 
anouer , the produtt forall bers coment req! re 


Put 1n a right angled Triangle. it you 1a ply o 
legs which c:mpretiea | the right angle by one at 
6 other, haliuic produd ſhall be the content required, 


CSS MF 


D Let the length of the prralkelograme | Fis 5+ | 
0! repreſented by A Bb- | 45.64 En 

F * And the brerdth yepreſemed 5 A D be 27.16 

F FAR 

et The content of the parallelogr am is I 057.0224 

"6. The half whereof 52,5112 


th > [5 the ſuper ficial content of the triangle AD B. 


Another way to find the area or ſuperficial content 
—- > otaright angledtriangle. Multlply the length A Bby 
half the heigth A D, the produtt ſhall be the content 

of the triangle A BD, as before. 


The denges AB 45-64 
Half the heigth AD 11,58 


—_— — —_—_— 


The content of ABD » 528.5112 n4Y 


Fig. 34; 


(42) 
PROPOSITION +. 


Fige 35. To find the ſuperficial content of a right 


anpled Trapezinm. 


Ulciply half the ſum of the parallel ſides, by the 
M ncareſt diſtance berween themthe produt ſhall 
be the content required. Inthe Righe angled Trape- 
zium A BCD, the fideBCis3.50, and the fide A D 
parallel thereunto is 2.25, their ſum 5.75 » the half 
ſum 2.875 , the neareſt diſtance or perpendicular AB 
6.25, by which it you multiply 2.875, the produtt 
17.96875 is the content ofthe Trapezium required. 

Or thus : 


It you multiply the ſum of AD and BC 5.7; by 
halt AB 3.125, the produtt will be 17.96875 the con- 
tent, as beforc. 


PROPOSITION 3. 


To find the Area or ſuperficial content of 
an oblique angled triangle. 
May half rhe heigth of the triangle by the 


baſe, or half the baſe by the heigth, and cither 
way ſhall give you the content of the triangle, 


EXAMPLE, 


Inthe oblique angus triangle BDC , thebaſeBC 
iS 29, andthe height of the triangle is 6.6, the half 
whereof 3.3 being multiplied by ze, the produtt 66 is 


| thecontent of the triangle, or the half of BC.1 © being 


multiplied by F D 6.6 the produd is 66, as before. 


By another and more general way. 


Thethree ſides of a plain triangle being given, the 
area or ſuperficial content may be thus found. 

Adde the three ſides together , and from the halt 
ſym (ubtra& cach fide, and note their diflerence ; then 


mu, 


(43) 
multiply the halfe ſum by the ſaid differences conti- 
nually , the ſquare root of the laſt produ&, hall bc the 
content required. 


Example. InthetriangleB CD, The fideBC is 20. 
the f1de DB13z, and the fide D C 11. The ſum of 
theſe three ſides 44zthe halt ſum 22, frora whence ſub;- 
tra&t B C 2cthe difference is 2. Again , from tlc half 
ſum 22 ſubtra& D B 12, the difterence is 9. Ar !af. 'y, 
(\ubrra& DC 171,the difference is 11. Again,the 1:1]. (vm 
22 be:3g multiplied by the firſt difference 2,the produtt 
is 44) and 44 multiphed by the ſecond difference 9, the 
produttis 396, and 295 multiplied by 1x , the produtt 
15 43, 6, whoſe ſquare root 66, is the content required. 


PROPOSITION 4<. 


To find the Area er ſuperficial content of 
any oblique angular Quadrangle. 
T9 ſuperficial content of any oblique angled 


Quadrangle, may befound, by reducing the Q 14- 
drangle given into two triangles by a Diagonal drawn 


* fromone of the angles to another oppoſite angle : for 


” ofthetria 


if by help of perpendic: lars let fall upon thethis line 
from the other avgles, you find the content of cach 
triangle, as hath been ſhewed already, the ſum: of the 
content of both triangles fhall be the content of the 
Quadrangle. 


Example. Let the content of the Quadrangle A B CD 


F12. 34: 


be required , in which letthe diagonal D B tc 1 21.64, F18+ 36. 


the perpendicular F C 52.2, which being multiplicd 
by the half of BD 60.82, the produtt will be the arca 
le BCD 3174-804, In like manner , let 

E A be 21.6, which bcing multi- 


the per cular 
plicdby the half of B D 60.82, the produt will be the 


content of the triangle ABD 1313.71 2, 
F 2 Now 


(44) 4 
New then if ts ve content of the triangle BCD 3194.9, © 
Yom adds the content of the triangle A BD 1313.71 


The content efrke Duadravele AB CD will be 4488.5: 


POPOSITION 5$. 
A plain irregular Multangle be given , t 
find the content thereof. 


L plain irrcgular multangles which doe conliſt of 
A many uncqual ſides, are commonly mea{ured 
by reducing the mulrangtie propounded iato triangles, 
21d finding ihe area ot ce very triangle. 


5 XS MM F-& &. 


I: th: irr-gular multangled plain AB CDEFGH, 
"it y udraw the lines A D,D B, AE, & F, and FH, the 
whole keurc will be reduccd into {1x triangles ; which 
bei 1g (everally mcaſured according to te former di 
rections, and the contcut of all added together into one 
fum, wil: ſhew the content or arca of tie whole 
Plain. 

As ſuppoſe there were in the triangle BCD 72, 
ADBv4, aDEito, AEFizr, AFH 165; andin 
FG H66: theſe fix numbers being added togethe 


"-, 


doe wake 618, which is the content or area, as Was It 


quirec|. 
PROPOSITION. 6. 
To find the content of any regular plain. 


M Ultiply half the circumference of the figure by 
TL theright line drawn trom the center © of the h- 
gure to the middle point of one of the ſides, the pro- 
duct ſhall be rhe content required, 

And to find the center of any regular. figure, doc 
thus; Conſider whether the figure given have an equal 
oruncqual number of fides , if the nnmber of ſides in 
*he figure be equal, draw a line from one angle to 

anorhei 


(45) 
"X another angle oppoſite to it, and divide that line into 
= wo cqualparts, the middle point of ſe&ion ſhall bc 
2X the center of the figure, bur itthe number of the ſides 
Z beodd, you muſt draw two right lines, from the 
© middle of two fides co their oppoſite angles, where 
* cheeſe lines ſhall iaterſe one another, ſhall be the cen- 


/ 


_y 


on $54 es 


; ter of the Foure. As in the Pentagon - the lines EB and - 


«x 


 D Cdoe miitiially interſeft one another in the point 
A, Which is the center of the figure : now then let 
tneline A Dor A Etke 14-: 3, anq ove file of the fi- 
gure 17-2, half the circumference wiilbe 43, which 
+ being multiplicd by tne right line DA 14.63 , tac pro- 
duR 629.09 15 the area or content thereot, 
The length of the line which is dcawn from the 
© center of any figure tothe middic of one of the ſides , 
, . - may Arithmertically berhus found , by the number of 
| ſides-in the figure propounded, divide 36c the number 
» of degrees ina circle, the quaticn: ſhall be the angle 
** atthecenter C A B,the halt whereot istheangleFAE, 
which being known,together with F & the halt of Þ G, 
the line A Eis caſtly found: 
For,tFAE.FE::Rad. A E, by the 1 Probl. of right 
angled triangles. 


PROPOSITION. 7. 
The radius of a circle being given, to find 


the ſide of any fegure inſcribed in the ſame 
circle , or the contrary: the ſide of any ft- 
genre inſcribed in @ circle being given , to 

ud the radins of the circle circumſcri- 


bing the figure given. 


ay 5 


Oo 


FE the Radius of the circle in which the peritagon 
BCF GD is inſcribed, be A C 746, and let the 


hde of that figure be inquired, - 
O ”y F 2 The 


i. 


3%, 


(46) 
The angle F A E may be found as 1n the Jaſt Probl, Z 

Then ſay, Rad. A F, SineFAE.F FE, whoſe double is 

F G inquired: | | 
In like manner one of the fides being given, I (ay, 


SixecFAE.FEtFG:: Rad: AF. 


— —m—_—_—_— cy C —_— —— 
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CHAP. IX. 
Of curoed or crcular lines , and the ſuper: 


ficres of a Circle. 


"TE Itherto we have ſpoken of right lines and right 
lincd plains, and now we are to ſpeake of cur. 
ved or circular lines , in which we might pro- 
cecd as we havealready done in the former; 

but that is not our preſent purpoſe, ye ſhall reſerve 
that for another Treatiſe hereunto annexed, (v#z. for 
our Deſcription and uſe of the Globes , to whichit 
properly belongeth) and ſhall not treat any further 
of circular lincs here, then will be expedient or ne- 
ceſlary for the finding of the Circumference, Diame- 
ter , and Arca or Superficial content of any circle gi- - 
ven, With the ſolidity of any regular body, whether 
ho compoſcd of right lined , or curved lined ſuper- 
cis» 

1 Andto that purpoſe it will be neceſſary that the 
Diameter, Circumference, and Area of ſome onecit- 
cle be given, that from any one of theſe being given 
19 another, the reſt may be found. | 

2 The Diameter of a circle in general is now gene- 
rally fuppoſed to be 2 with cyphers, and according to 
this ſuppoſition , our Canons of Sines, Tangents, and 

ecants ; natural and artificial are compoſed. 

3 The Diameter of a circle being 2 with cyphers, 
the circumference of that circle is found by multiply- 
ing the {inz or chord of the leaſt arch for __ the 

anon 
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(47) 
Canon of Sines is made, by the number of parts into 
which the whole circle is ſuppoſed to bs divided. 


*Z Thus in the Canon of Sines which Mr. Brigge comp3- 
(cd, the circle is ſuppoſed to be divided into 360 parts 
= or degrees, and every degree into 1oo parts : that is the 
Vcircle is ſuppoſed to be divided into 36000 parts, and 
® the ſine of one of theſe parts,that is,the ſine of one hun- 


dredth part of a degree by that Table is 174532924313z 
Which being multiplied by $6020, The produt 
6.2831$5275288000, 1s the circumference of a circle 
whoſe Diameter is two with cyphers. 

4 The Diameter and circumference of one circle 
being thus aſcertained , we ſhall as «Archimedes hatn 
ſufficiently proved , take for granted, that every cir- 
cle is equal toa right angled plain triangle, whole legs 


* comprehending the right angle , are one of rhem 
, = equaltothe Semidiameter, and the other to the cir- 


©— Ds 


cumference of that circle. And therefore the arca or 
Superficial content of a circle may be found by multi- 


= plying halt the circumference by balf the Diameter , 
= orthe whole Diameter by the fourth part ofthe cir- 


cumterence, thus taking the Diameter of a circleto be 


* 14, andthe circumference 44, whether you multiply 
; the half circumference 22 by 7, half the Diameter , or 


the whole Diameter 14, by 11 , the fourth part of the 
circumference , the produt and Area will be 154- 
In like manner, it you take the Diameter of a circle to 
be 1.00000, and the circumference to be 3.14159 the 
produCtt of half the circumference, 1.570795 being 
multiplied by halt the Diameter , .5oceo will be 
«7853975 or the fourth of the circumference 7853975 


being multiplied by the whole Diameter 1.0c0c0 will 


be the ſame ſtill. 
And hence the ſuperficies of any other circle may be 


- found by the proportions in the following Problems; 


or.Propofitions, 


PR O- 


ET "Oo > a 


(4S) 
PROPOSITION 7-7: 
The Diameter of a circle being given, i; 
find the circumference. 


S1isto.3-14159, So isthe Diameter, tothecir. 
cumterence : and therefore if you multiply thi 
number .*. 14159 by the diameter given , the produs 
*S LC circumference you loox for. 
EXAMPLE. 

Fi2%9, 'The diamercr AD 28.25 being multiplied by 
«2-141 59the produdt 8347499175 isthe circumteren: 
of that circic. 

Burt this and the following propoſitions may ke maſt 
calily performed , by artificial” nzmbers or Logs 


F,&' 2 
TS 


z® 
C5 


dy. 


| 


: 


| 


rithms, whoſe conſtruction and ue we have ſkowed | 
11 our Trigonometria Zritanrica, fOr a more tuil under. * 


ſtanding whereot we muſt reier the Reader thither; 


here onely he may Note, that mulriplication is per- * 


formed by Addition, and Divition, by Subtration, as 


may be {cen in all the Examples following, 
As 1 C- 00900009 
Is to 3.14159 0.49714936 
So is the Diameter A D 28.,2+ I, 45101845 


To the circumference 88.749 1:94816831 
PROPOSITION 2, 
The Diameter af a circle being given, t6 
find the ſuperfrcial content. 


A $1 to0.7853975, Sois the ſquare of the diameter, 
A tothe (uperficial content, and therefore, if you 
multiply 785397+« by the ſquare of the diameter , the 
product will be the content required. 

Io Artificial numbers, the Logarithm of any num- 
ber doubled is the Logarithm of the ſquare ot that 
number , rherctore the Logarithm of the diameter 
| being 


——— AW 
- — 


—  — —— g_ 
* , #3 = 


(49) 


being twice added tothe Logarithm of .735 3975 the 


{um or aggregate ſhall be the Logatithm of t 
perficial content required, 


EXAMPLE, 


e (u- 


As1,Ts to 5853978 9.895e8993 
Sos the Diameter A D 28.25 I-45l018.15 
1-45101845 


7 athe content required 626.79 2,79712638 


PROPOSITION 4. 
The Diameter of a circle being given, to 
find the ſide of a ſquare which may be ins 
ſcribed within the ſame circle. 


He Chord or ſubtenſe of the fourth part of a circle 
(thatis of 90) whoſe diameter 1s 1, iS 7071067, 
now then the proportion is: 4s 1,1s to .7071 067, So 
is the diameter of another circle to the {ide required ; 
2ad therefore, It ,75071067 be multiplicd by the diame- 
ter given,the produtt will be the fide of the ſquare you 
look for. 
Thus inthe circle of the firſt propoſition, the dia- 
meter A D bcing 28-25 B E the {idcof the ſquare, 
BC FEwillbetcund to be 19.975, 


As rt, Is to .qo7067 9.84943 500 
So is the Diameter AD 28,25 1.45 !o1$45 


— 


The ſide required 19.975 1,30030345 
PROPOSITION 4. 
The circumference of a circle being given, 
to find the Diameter. 
Y the diameter to find the circumference , the pro- 


portion (by the firſt prop. ) was, as 1, to 3141599 / 


ſo is the diameter to the circumfereace : therefore alſo 
G | as 


(50) 
as 4.14159, isto1, fois the circumference to the dig: 
meter, it therefore you make the circumterence to be 
1- I mayſay; as 2,14159, ist01, (01s 1, to.318308, 
and hence to bringan Unite in the firſt place. I (ay, 
as 1, t0,318308, {o is the circumterence to the dias 
meter- 

And therefore, if you multiply .718302 by the cir- 
cumference, the produt will be the diameter required, 
EXAMPLE. 

As rt, is to ,318;08 9.502$5014 
$0 is the circumference given $$, 749 1.94816831 


The diameter required 28,25 1,45101945 


PROPOSITION 5$, 
The circumference of a circle being given , 


to find the Superficial content. 


/A Sthe ſquare of the circumference of a circl* gi- 
ven, 1s to the ſuperficial content of that circk 
alſo given; ſo is the {quare of the circumterence 
of another circle given, tothe ſuperficial co!.tent re- 
quired. 

Example. Ina circle whoſe diameter is 1 , the cir- 
cumference 1s 3.14' 50, and thearea 785 2978, and let 
the circumference of the circle ABCDPFE be88.75, 


I fay, 

As the ſquareof 3.14159 the Logar. 0.49714986 
The logarithms doubled | 0.994 29972 
T the ſuper ficial content 785 3978 g9:89508g85 
So is the ſquare of 88-749 1 94816831 

I1.948168;1 

3-79142550 
The cont ont required 636,79 A oath 2678 


"Bur for the morecaſe in working, an Unity may be 
bronght into the firlt place, by finding a aumber pro» + 
portiunal tothe numbers given, thus, As , 


i 
. 


+ 
fa , 4 QI 
_ * . 
: ; bs 
"0" ; ; 
4 % 40 ata 
AY i ers *, I EN 


4 


(51) 
eAHs the logar. o the ſquare of 7.14159 0+99429972 
I; to the logarichm of 7853978 9.295038: 8 
So is 4 ſquare of 1 C,COOct© © 


_— 


To the fourth proportional 0 79378 


2.900"; 'H5 


Now the + we may ſay, As 1,is to 671555; (© i5 the 


ſquare of the circumlerence to the ſupert cial £c 12x it 


ot the circum'erence, the product will give yuuthe 
courent you louk tor, as belore, 


EXAMPLE. 


efs 1, isto ,079578 2.9007 016 
So 1s the ſquare of 88.749 1+9 + 160JL 

I' 94 16831 
To the ſuperficial context 66.73 2.79712078$ 


PROPOSITION 6. 


© Thecircumference of a circle being given, to 


o 


find the ſide of the ſquare whith may be 

inſc ribed within the ſame circle. 
Sthe circumicrence of a circle woſe Diameter is 
1, viz. 2.14159, 15 tO the {ide of the ſquare which 


- may be inſcribed in the ſame cir: 155, viz. 757107 (9 is 


the circumference of anther circle, to tlic {to ingqui» 

red;and to bring an Unity 1:2 the firſt place,we will no 

ſe the circumference of a circle ro be 1 . and accor- 
ing to this rule, the ſid inquired may be this fou. id, 


eA's the logarithm of .14'59 0.49714986 
1s te the logaruhm of 707107 0-$49 18500 
So is the logarithm of 1 @,20000000 
To the ſide inquired «225078 9435233514 


Now then,as 1, ist0.225078, ſo is the circ'1mfercnce 


” tothe fide inquired : and therctore, it .: 25-73 be mul- 


- > tiplicdby the circumference,the produtt will be the fide 


F 


«© 
Los 
4 
4 


of the ſquare demanded, 


G2 E 1X- 


And tne: core, If «£79578 by mlrivlicd by rhe rare 


(52) 
EX AMPLE, 


eA's 1iste 4225078 9435223514 
So is the circumference given 82,749 1.948168; 1 


To the ſide required BE 19,975 I, 30050345 
PROPOSITION 7. 


The ſuperficial content of a circle being 04. 
ven, to find the Diameter. 


His is the Converſe of the ſecond propolition, The 

Diameter given to find the content, tor which the 
proportion is As 1, iSt0.7853978: {01s the ſquare of 
the Diameter, to the (uperficial content ; and theretorc 
to find the Diameter we muſt ſay: As.755397%, isto 1. 
{o is the content, to the ſquare of the Viameter : and tc 
bring an Unity into the firlt place, ſay, 


As the logarithm of ,7853978 9.389503988 
Ts to 1 O.CCOOCOCO 
So 15 1 O.CCCOC COD 
To the fourth number 1.27324 0,10491012 


Now then, as 1, isto 1-27324, (0 is the content tothe 
ſquare of the Diameter : and therefore if you multi- 
ply 1.27324 by the content given, the {quare root of 
the produCt will be the Diameter required. 


EX. KM MPLE. 


eAs I,zisto 1,27324 0-10491012 
$9 bs the content orven 626.79 2,797 12678 

2,90203090 
Tothe Diameter required 28,25 1,45101845 


PRO- 
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PROPOSITION 8: 


4 + The Il uperficial content of a circle being gi- 


W. 
a» 
27 


7 


Y 


"* 
: 
* 


wen, to find the circumference. 


( His is the converſe of the fifth propoſition , The 


circumference given, to find te content; for 
which the proportion is, as 1, isto.079578, lo isthc 
ſquare of the circumference. tothe (uperficial content : 
and therefore, to find the circumference, we mult (ay : 
as 079578, istO1, fois the ſuperficial content , to the 
{quarc of the circumference ; and to bring an Unity it 
the firſt place, as .075578, istor, (ois 1, to 12.55c0g :; 
and thereforc, it 12-5664 be multiplici! by the content, 
the ſquare root of the product will be the circumtcrence 
r:quired. 
EXAMPLE. 
eAs 1, 1itolt,5664 1,0992c02 4 
So is the content given 626,79 2.79712679 


3.8963+662 


To the circumference required $8,749 1.948168;1 


PROPOSITION. 9. 
The ſuperficial content of a circle being gi. 
ven , to find the ſide of a ſquare equal 
unto it. 


| £1 ny the (quare root of the content given, this 
done, that root is the ſide required. 


EXAMPLE. 

Let the content given be 626,79 2.79712679$ 

The ſiderequired 25,035 1.39856339 

And in this manner, the ſuperficies of any other 
figure whatſoever, or of more figures then one, may be 
reduced into a ſquare, if (according to this Example) 
you firſt find the fide of the content, as of a given 
[quarc. | an Y 8 
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PROPOSITION 1% "1 

The Axis or Diameter of a Sphere being 
given, to find the ſuperficial content | 


S the ſquare of the Diameter of a circle, which © 
A ſuppoſe 1 , is to the ſuperficial content thereof |: 
3-14159, ſo isthe ſquare of the Axisor Diameter gi- 
yen, to the ſuperficial content required. 


EXAMPLE, 
The logarithm of 3.14159 049714986 
Logar. of the given «Axis 28.25 1,45101845 
1.45101845 
T he ſuper ficial content 2507.1 3. 39917676 


WW — —— — —— — A RL —o—_— ——— 


EAT 
Of Bodies , or Solids. 


Frer the deſcription of lines an1planes the do- 
Erine of Bates is to be conhidered, 
1 A Solidor Body, is that which hath length, 


breadth,and thickneſs, wheolc bounds or limits 
are (up:rrficies. 


2 A S:i1iscither plain or Gibbus, 

2 A plain Sebdis that which is comprehended of plain 
Superficies, and iscither a Pyrameide .. or a ? yram: dare. 
A Pyranmde isthe hrit kind of Solid 5 b-cauſe the moſt 
{11mwple, asa Triangle, is the moſt timpl- plain: an as 
all plaines may be reduced into Triangles (© all boJics 
may be reduced into Pyramides, and theretorc arc 
called Pyramidares, as though they were male of Py- 
r.mides. 

4 A Pyramide is a Solid figure , which is conteined 
by ſeveral plains ſet upon one plain or baſe, and mect- 


ng 
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®DFag in one point. This is a general Definition of a Py - 
—Famide, whether the baſe be a Triangie, Qnadrangle, 
| 4 Dr any other right lined plain. A particular Pyramis 
g *Ftheretore taketh its name from the fig"re of the baſc 
ZFthereof. Thus that is called a Triangular fyramis , 
» ZZwhoſc baſe isa I riangle, that a uacirangular whoſe 
= ®balc is a Q1adrangle, and (o of the reft. 
% = $5 Otalltheſeveral forts of Pyramides, there is but 
 _ Zonethat is regular, to wit, a 7er-aheqron,or a Pvramide 
conſiſting ot four regular or equilateral Triangles: 
—*the form whereof. (as it may be cut in paltboard) may 
| *be conceived by figure 45. 
* 6 A Pyramidateisa Solid figure compoſed of Pyra- 
*mides, and is cither a Pr:ſme, or a mixt Po/yhedyor, 
* 7 APriſmeis a Pyramidate, or (olid figure, con- 
=teined by plains; of which thoſe two whici are oppo- 
>firc are equal, like and parallel, and all che other are 
=parallelograms. 
* A PriſmeisCither a Pemtahedron, a Hexabcdron, or a 
® Tolyhedron; 
> A Pentabedron Priſme, is that which is comprehended 
© of five lides, and the baſe a Triangle. 
An Hexabedrox, it that which is comprehended of 
0 {ix {ides, and the baſe a Quuadrangle, 
A Polybedren, is that which is comprehended of more | 
th then five (ides, and the baſe a Multangle. 
its > 9 It Right angled Parallelograms of equal heigeth 
© ſhall be drawn upon every fide ota Triangle, and to 
_ *®the extremity ot one of the parallelograms there ſhall 
un bc madea Triangle cqual & like to the tormer,ot thele 
"e. Fſct intheir duc places thou mayct make a Pontahedrow 
Nt 7 Iriſme, as in the 41 figure, 


as = 10A Poalibedron Priſme may be made, by drawing 

ies right angled paralleJograms on every 1ide of a mult- 

arc © angledplain; and in the extremity of one ot the pa* 

y- Praliclogramsano:ther multangled plain cqual and like 
*tothe other. : 

ed © 11 An Hexabedren Priſme is diſtinguiſhed into a 


Ct- , P ar al- 
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Parallelipipedon and a Trapezinm, A Trapezinns 1s that 
whoſe oppolite plains or ſides are neither parallel nor 
equal. | 

A Parallelipipedox,is that whoſe ſides or oppoſite plain; 
are parallelograms , and therefore parallel and equal, ' 

12 A Parallelipipedon, is either right angled , or ob- 
lique. 

13 ARightangled Parallelipipedon it that , whichi; 
comprehended of right angled fides; and it is either; 
Cube or an Oblong. 

14 Aczybeisaright angled Parallelipipedon of « 
qual {des. 

15 AnOblng isa right angled Parallelipipedon of 
unequal ſides. 

16 An Oblique angled parallipipedon, is that which 
is comprehended of oblique fides, and is cither a Khow- 
bu, or a Rhomboz:aes, w 

And hence it is maniteſt;that there are as many ſort; 
of Parallelipipedons as of parallelograms: for it ther: 

be made fix right angled equilateral parallel»grams, 
chat 1s, {ix (quare {olid angles , there ſhall be made; 
Cube, anſwerable to a ſquare in plains :' and among{ | 
the Priſmes, this onely is regular , as the 1quare i 
amongſt the Quadrangles, Moreover, it fix Rig 
angled parallelograms, and not,ot equal tid:s bar 
longcr in one part, thovgh ewo of them being cquila 
teral, b? compoſed together, it ſhall be called a long pu 
rellelipipedon. But it fx oblique angled conilateral 
parallclograms ſhall be joyneqd rogerher , they ſhall be 
called a Ryvombre : laſtly , it fix oblique anglca and in- 
equilateral parallelograms be compoſed, hough the two 
oithem, (which are oppolice to one agorher ) be equal, 
ſuch a parailelipipedon ſhallbe called a Ri ombnides. 

1; A mixt Folyhedron, is that whoſe Vertes: 1+ i the » 
center , and the ſeveral - fides expuſcs to view - alot 
thisſort there arc onely three, viz. the Ofobedros , the 

Jcoſahedron , of both which the baſe isa Trianglc, and 
the Dodecahedron, whoſe baſc is a Quiycangle, , 
13 


=. 2 ws I 


CFP) 


FRE 18 An Ottbhedron is a folide figure, which iscouteiu” 
*Zecdby cight cqual and equilateral Triangles 
= 19 An /ſoſahegroa isa (olid figure, which is conteined 
2 by tweaty equal and equilateral Triangles. 
* 20 A Dodecihedren 13a {olid figure, which is contein- 
ed | 4 p69 equal peitagons , equilateral and equi- 
angled. : 
An IRobedron may be made, by cutting eight equal 
*triangles. As in figure 43. 
” An Iſoſabedro» is made with 20 equal regular Tri- 
angles rightly diſpoſed. As in figure 4-, 
A Dc:cocahedron is made of twelve regular pemtagons. Fs. 
: a . Oe L- 4Js 
21 A Gibbu Solid, is that which is comprehended of 
Gibbr ſuper ficies, and it is cither a Sphere or Various, 
' 22 ASpheyeis a Gibbus body abſulutely round and 
*Clobular, - See iv figure 46. 
23 AVaruus Gibbus body, is that which is COMmPpre- 
thended by Various (upertcies and a circlar baſe : and 
It is cither a Coxe Or a Cylinder, 
' 24 A Come is a Piramidical body , whole baſe isa 
Citcle. See figure 47. 
22 25 A Cylinder is a ſolid body of cqual thickneſſes, 
whole bale is a Circle- Sec figure 49. 


4 PROPOSITION 1. 


The baſe & altitude of a Pyramide or Cone 
given to ſind the ſolid content. 
M Ultiply the alticude by athird part of the baſe , or 
whole baſe by a third part of rac altirude, the 

produdt (bal be the ſolid content thereof. 
* Example, In a Pyramide having a Quadrang'Ilar ,.. 0 
Bc, whoſe altitude AB 3145 veing given, the third «40+ 

tthereof is 10-5, and the baſe 564.08 tound by mul- 
Uplying the Diagonal 128.2, by the perpendicular 4.4. 
'& 
H Nor 


Fig. 47. 
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Now then i you multiply :6..9, 
By the third 2art of the altitud: 10.5 


en et Swe 
282046 ' 


56405 


T product 5922340 
I« the ſolid content of the P 5r amide, 
Example, In a Cone whoſe Diameter bei 18 vive; 

AB 2,5 the baſe by the 2 Prop. of the g chap. will be 6.x 

and! Jet ©. 21: irnde of the Cone C Dbe 16.92, thethin 

part wherco; 1s 5.64 : now then it you multiply CH) 

96.25 by 5-64, the product 542.85 1s the (olid conten 

t RC1CO7, 

PROPOSITION -: 

The bajc of a Priſme or Cylinder being gi. 

wen, to find the ſolid content. | 


Ultiply the baſe of che Priſme or Cylinder given, 
by the altirade;the product ſhall be the ſolid con 


tent required, 
Examyile. In an HexXahedron Priſme one fide d 


whoſe baſe being 12.52, and the other 5.3 the (uper 
ficies or balC it (el will be 66.356, which being mult: 


plied by the giyen altitude 502 the produtt 33.1671! 


15 the ({olid __ required. 
Example. In a Cylinder : whoſe baſe let be equalt: 


the baſe of the Cone given 69.25, and ler the alrituct 
be 16.92: Now then it you multiply 96.25 by 165; 
the produR 162-855 ſhall be the (olid content thereo!. 


PROPOSITION 3. 
The two baſes of an irregular ſolid bei 
given ,to findthe ſolid content there, 


A Lthough there be infinite varieties of irregus 


ſolids, yet here I call them onely irregular - - 
"8 10! 


e 


, 
T Ld 
x \ . 4 


Zbcing conſidered longwiſe are ſtrait, and have one 
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bale greater then the other, ſuch as are the ſolids 


in figure 50» in which you way obſerve , that 
"the baſes ABCPD are longer then tle baſes F FC H: 
how ro find the ſolid content of {uch {clids, this is the 
*Rulc. 


&: Multiply the greater baſe by the leſle, and of that 


hiproduct extract the {quare root, this done , it ( by the 
aggregate of that root and both the baſes } you muiti- 
»ply thethird part of the length of the ſolid propounded, 


*the laſt produtt is the ſolid content required. 


Let the given length be 15-24the third part is 5:08. 


* The pr: ater baſe 1-92 C.22330f27 
W The l:ſſer baſe *” wn 992941893 
The produ& 1.6320 0.21 272016 
The ſquare root 1.2775 0,10636008 

> The preater baſe 1.92 

* The leſſer baſe ©.85 

" The root found 1.2775 
. Their aggregate _ 4+0475 0.60718686 
The third part of the length 5.c8 ©+70586271 
The ſolid content required 20.561 1.31,05057 


F 


PROPOSITION 4. 
In « piece or fruſirum of a pyramide or Cone 
beth tht baſes andthe slitude being gi- 
wen, to findthe content thereof. 


FF the aggregate of both the baſes of the fruſtrum, and 


of the mean proportional betwcen them , be drawn 
into the altitude of the Fruſlri.m : the third part of the 
produ ſhall be equal ro the ſolid content of the 
ruſtrum. 
os 3 Ex- 
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Examp'e. Let A BCDEF repreſent the lefler baſ 
of the fruſtrum, HK LM rhe greater, N P the altitude 
given , Jerthe greater bale of chis truſtrum be the are 
of a regular Hexagon whole (1de 15 124 v2, 374-44 and 
the leſſer baſe the arca of a regular Hexagon whoſe 
ſide is 6, 212, 92.6, to find the mcan proportional be- 
tween theſe two baſes » I multiply 37444 by 93.6, the 
produtt is 25043-$4, Waoſe {quare root 487.2 being 
added to the two baſes given, the [um or aggtegate 
is 555-2, which being multiplied by the altitude {uy- 
poſed t9 be givenÞ N 15, the produtt 9328 1s the con- 
centent of the fr1ſtrum tripied, and therefore 2276 the 
thethird par: c{12rcot,is tac true content of the fruſtrum 
as WaS1cquired. 


PROPOSITION 7. 
The diameters of a Veſſel at the Head ani 
Bung, with the length thereof being 6: 


ven, to find the content. 


Y the Diameter given -find the Area or ſuperficial 

content of there circles as hath been fhewed al- 
ready : Then adde together two third parts of the 
{aperficial content of the greater circle, and one third 
part of the Icſſe : and there aggregate multiply by the 
_ , the produtt ſhall be the content of the Veſleli n- 
quired. 

E xample. Let the Diameter of a Veſſel at he Bung be 
32,and at the head 18,and the length 40. The ſuperficial 
content of a circle whoſe diameter is 32,will be $04,249 
andthe ſuperficial content of a circle whole Diameter 
IS 18 will be tound to be 254-469, Two thirds of 
804.249, the greater circle is 536-166, and one third 
of -54-4<9 tae lefler is $4.323, the ſum or aggregarte ol 
theſe two is 620.989, which being mnltiplicd by the 
length given, viz, 40 the product 24839.560 is the con- 
tent inquired, 

PRO- 


- 
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? PROPOSITION 6, 

The Axis of a Sphere being given to find 
# the ſolid content. 


Sphere ( as eArchimedes hath proved ) is equalto 
& Atwo thirds a Cylinder circumſcribing it ; now 
Ken becauſe ſuch a Cylinder is made, if the arca of 4 
@rcle be multiplied by the Diameter : therefore of the 
Arca of a circle ſhall bez multiplied by two thirds of the 
nk , the produ& ſhall be the ſolid conteat 
thcreok. 
> The area of a citcle whoſe Diameter is r , was found 
bctore to be +785 :97+, which being multiplied by 
4656 the two thirds of the Diameter, the produtt 
*522:g8$ is the ſolid content of the Sphere, hence to find 
5 {2lid content of another Sphere whole axis is given, 
1lay 
2 Asthe Cube r the axis given, tis to .523598, ſois 
the Cube of another axis given, to the ſolid content 
required. 


. 
"0 


EXAMPLE. 


Let the given Axts be 28.15 I.45101845 
The Cube thereof is 22545 4435305535 
T he logarithm of .527 598 is 971899862 
The ſolid content required 11804, 4-07205397 
CHAP, AI. 


Of the meaſuring of the five regular Bodies. 


regular Bodies: I The Tetrahedron. I I The 


| Ts are in Nature (as hath beenſaid)five plain 


H»xahedron or Cube. TI The ottohedron. 
I'V The Dedecah:dron. And V The [coſahedron. 
H 3 | The 


wm 4. OSS RAC. oc  _. 


SG 
\ 62 ) | 

The two firſt of theſe, viz the Tetrahedron , andthe 
Hexabedron, may be cafily meaſured , as harh beenal-}'* 
ready ſhewed,the one,v/z..the Terrahedren being a regy 
lar Pyramide,and the other a right angled Paralleliyj. 
pedon of equal ſides: for meaſuring of the other three, | 


AT 


another mcthod muſt be preſcribed , which ig inderg| ir 


ſomewhat troubleſome : but withal more general, in; 
the Oltvedron , Dodecacaron and 1ſoſaearon , the trovhle | 
cannot be avoided, and therefore tor conformity ſake,| 
we-will make uſe of one and the ſame m«thod inall, | 

1 The five regnlar Bodics are compoſed of Pyrz. 
mides that arc cqual, and of equal heigth, whole baſe; 
doc appcare withont, but their yertical points doe con- 
curre or meet within the center. 

2 Thealtitudes or keigths of theſe Pyramides ate 
cqual tothe perpendiculars drawn from the center 
the body, to the center of the baſe , or to the Radius 
the Sphere Inſcribed within the ſame body, Andi: 
bath bcen already ſaid that it the kcigth of a /yramid: 
tall be multiplied by athird part of ttc baſe, thatth: 
produt ſhail give the {olid content : 21: rheretorethe 
produd tound by the multiplication of the Radius 
the in{crihed Sphere , by thethird part of the (uperf- 
cies of any Pody , ſtall be equal ro the (olid content 
the body ; {o that the trouble 11 mca{uring of thel: 
Bodies, doth chiefly conſ{iſt in the finding of the 
Radius of the inſcribed Splicre, 

3 Andiftheſc hve rcgular bodics ſhall be inſcribedin 
the ſame Sphere, the ſame circle ſhall circurſcribethe 
Triangle of the /coſaed+cn,8& rhe Qiiincangle of the Ds 
decaedyon, as alſo the Triangle of the Otteedror, andth: 
Quadrangle of the Cxbe. And the ſoliditics of thelt 
Lodics ſhall be prexertioval totheir ſuperficies, 

4 The olid content of the Terraltecren , bath (ucl 
opom_n to the {olid content of the Cube, circum 

cribed by the ſame circle: as the {ide of the Equilz 
teral Triangle in the 1errabecrcns baſe, hath to the 
Diameter of the circum(cribing circle. - 
5 ( 


he 


ol 
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X ; Thceſolid content of the /coſaedron, is to the Do” 
ecaedron x as the {ide of the [coſaedron is to the fide 0 
» Cub: jn{crib*d in the ſame circle. 

And hence the ſides of the five regular Bogies in- 
cribed in the ſame Sphere being given, we ſhall lay 


" Fdown a ſhort and clear merhod tor the finding of the 


"FM adius, of their inſcribed circle, and conſequently of 
| Stheir ſolid content. 


6 | x PROPOSITION 1. 


f The ſide of any Tetrahedon being given, to 
' find the Radins of bis inſcribed Sphere, 
with the ſuperficial and ſolid content. 


| He {1de of a Terrahedron inſcribed ina Sphere” 
; whoſe Radius is an Unity , Mr. Briggs in his 4- 
A rithmetica Ligaruhmica chap. 32, hath ſhewed to 
= be 1.6329931618, the Radius of whoſe inſcribed 
* Sphcr*-,or any other fide given, may thus be found. 

» Maiiply the fide given by it (elf, and the produtt 
* dividcby 24 the ſquare root of the quoticnt, is the Ra 

dias of the inſcribed Sphere. 


| EXAMPLE. 
The fide of the Tetrahedron given is 1-6329931618 
The logarithm 0 that ſide fs O.21 298437 
The log. doubled is the log. of the ſquare thereof 0.42596374 
From which dedutt the logarithm of 24 1,38021124 


—— —  ——— 


The remainer is the log ar. of the Radius ſquare 9.04575750 
The lalf whereof is the log ay, of the Radims , 9.52 287355 


Having thus found the Radius of the inſribed Sphere 

or altitude of cach ot the four Pyramides in the Te- 

* trahedron, whoſe content is fought, we muſt next ſeek 
+ the ſuperficial conrent thereof : thus, 


The 


1 


4 
” 

. 
. 3 


(64) 


The baſe of every pyramide is an equilateral Tri 


awgle , whoſe {uperficies may be found , by rhe 6 P,y, Wh 


of the g Chap, and in our Example will be 1.15470e531,, 
which being multiplied by 4, giveth the ſuperticies 
the whole body : 4.61e8021536 
The third part thereotk, 1$ T-53960071-8 
Which being multiplied by the Radius of the in- 
fcribed Sphere, givcth the {olid content 


Exemp,The logarichm of the ſuperficial content found, 
4.6188221536, 15 © 66452935 z trom which deduQing 
0.47712125, the logar, of 3 the remainer 0-1874cy10 | 


15 the logarithm of | 1-539600717 | 
To whole logatithm _ 018742810 | 
Adde the logarithm Radius of o vob 

the inſcribed Sphere pe on 7073 
The aggregate ' 9.710286 8 


The logarithm of 5.1 32062393 the ſolid centent re: 
quired. 


"x05 oe Brag erate? 
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And the {olid content of any one Terra. e {ro being | 
thus found , the ſolid content ot any other , may be | 
readily tound in this manner. As the Cube of the ſide | 
of the Tetrab:drox , Wiole [oli content is given, is to 
the ſolid content thereof, (0 is the Cube of another Te- | 
trahedron, ta the {olid content there t , 

Therctorc, :f you m«1tiply the ſolid context given, by the 
Cube of the ſide propornded , and divide the proda8 by the 
Cube of the ſide given , the quotient ſhall be the ſolid content 
required. 
| Example, From the fide given 1,6239931618, the 
{olid content was found to be 5,132002303. Hence 


from another given fide, v:z. 1 , to find the (olid con- 
cent, I lay , 


As the Cui of the firſt pde given ©-638 
03095 291 
1s to the ſolid content tre 7 pb je $6:8 
So is the Cube of 1 ©. ©0000000 = 
Ts the ſolid content 11785 9,071322?94 
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Therefore as 1, is to 11785, {o isthe Cube of the fide 
given, to the ſolid content thereof required. 


Example. Let the fide of a Tetrahedron 
given, be 12, 


: As 1 0.00cO00000 
Z I: to the logarithm of .11785 9.07133 295 
3 Sois the Cube of 1 2, VIZ. 1728 J+-23754274 
* To the ſolidcoment 203.6467 2,3088764r 
' 

| PROPOSITION 2. 


| The ſide of an Hexahedron or Cube being 
| given to find the Radins of bis inſcribed 
Sphere, with the ſuperficial and ſolid 


content. 


| He fide of an Hexahcdron inſcribed in a Spher®© 
(whoſe Radius is an unicy) 1s 11547005 384, and 
the [alt of this ſide 777 3502692 is the Radius of 

the Sphere inſcribed in that body. 
{> The ſquare of this ſide is the ſuperfici:! content of 
' > one baſe, and that content doubled, is ric tuperficies 
> ofthe whole figure , which being multiplied by the 
Radius of the inſcribed Sphete, giveth the ſolid content 


| required. 
EXAMPLE, 
The given ſide i; .x1 547005 logar. 0.06246 957 
The ſquare thereof is 012493574 
Towhici adde the logarithm of 2 030102999 
* The ſquare doubled 0.42596873 
> Thelogar, of the radius of the "—_— 9.76143938 


Sphere «5773502 | 
T he ſolid content required e.138740811 


* 
- 
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POPOSITION 2, 

The {idle of an Octobedron being given, y 

Gnd the Radius of his inſcribed Sphere, 


with the ſuperficial and ſolid content. 


« He fide of an Ofcedron inſcribed in a Sphere, 
1 whoſc Radius 1+ an Unity, 1s 1-4142135,, and the 
R adius of the in{cribed Sphere is the ſame with thx 
inthe Herabedron; Hence theretore to find the ſolid 
conent of this Body , you muſt firſt find tne (uperficial 
Ccontciit <! y.1e of the baſes thereot,as hath bren ſhewed 
inthe 6 Prop. of rhe g Chapter, which being a regular 
1 riavsle in our Example will be .$5602 5404.49 the 


6 re pt 


ſupert.cial content being multiplied by 8, Lccauſe this 


figure hath 8 T riangular baſes, 


The whole ſuper ficies will be 6.928 20327) 
Ard the third part 2.309401067, 
— - 


The lor, of the -; of the ſuper ficies is ©. 36349937 
The logar, Radius of th: wſcribed Sphere 9.7614: 91% 
The foltd content is 1433333333 C-12493875 


And the fide of any other Ofehedron being given, 
the ſolidy thereof may be readily found in this manner 
t As the Cube of 1.4142135, is to the ſolid content 
found 1,3325333 : Sois the Cube of any other fide gi 
ven, to the ſolid content inquired. 
And hence tobring an Unity in the firſt place. 
Firſt (ube the given fide 1,4142135 O.15051500 


As the Cube of the jide 0.45 154500 
Is tothe ſolid coment 1,33 33323 0.1249387} 
So ts the Cube of 1, to the ſolid content 9.67239373 


And then the ſolid content of any Oftohedron (uppol:| 


of 1, whoſe ſide is 12, may thus be found, 


; 
, 
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As the Cube of 1 $.50000c60 
[s toghe ſolid content 9.67339373 
Soi the Cub: of t2, Viz. 17:8 2423794274 
To the [1114 content 814-5878 Loo: 


PROPOSITION 2, 


| The ſide of an Icoſaedron being given, to 


fad the Radius of his inſcribed Sphere. 
with the ſuperficial and ſolid content 


He fide of an 1coſa-dro: inſcribed ina Sphere whole 
Radius is an Unite, is {as Mr. Briggs hath ſhewed) 
1.0514622247 and the Radius of the inſcribed Sphere, 
is the Root univerſal ot the Root of 4; of the Radius 
of the Sphere given added to + of the ſame Raius, 
Now 2: of the radius of the Sphere given is .+8$888888 
the Root whereot is .29814, to which © of the Radius 
given beivg adccd, viz. 33333 , theſum is 53147, and 
the Root of this ſum 794654 is the Radius of the in- 


{cribed Sphere inquired. 


Hence to fiad the ſolid content of this Body , the ſu- 


: vp content 6f ane of the Triangular baſes muſt 


inquired, by tbe 6 of the g hereof, and in our Example 


| will te 4787270692 which being multiplied by 20 , 


becauſe this body bath 20 Triang-.lar baſes, the ſuper- 
ficies of the whole Body will be 9.57454: 34+ and the 


- third part thereot 3-191513774, 


5 

C 
Ba. 
PL 
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The logarithm f 3-19151?7 i 0+:0399532 
The logar.of the rad. of the mſcribed ſphere 9.9001 7834 
The ſolid content is 2.53615071 0,40 117416 


And the ſide of any other /coſaedron being g.vc1, the 
colidity thereof may be readily tound in this ma'ncr. 


eA's the Cube of the fide given C0652 9102 
Is to the ſol:d content thereof 0.4C4i7416 


So is the Cube of 1, to the mon thereof 0338793 FN 
2 il 
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And the ſolid content of any coſaedron ſuppoſe of t, F? 


whoſe ſide is 12, may thus be found. . 250 
eAs the Cubeof 1 0-0COce0c0 
Is tothe ſolid comtent 0.33 879314 
So ts the Cubeof 12, v1Z. 1728 J-23754174 
T be ſolid content 3769.9 3.576 33688 


PROPOSITION $5. 


The ſide of a Dodecaedren being given, ti 


find the Radins of bis inſcribed Sphere, |? 
with 1};: ſuperficial and ſolid content. ; 1 


He fide of a Dodecaedron in{cribed in a Sphere, | ? 
whoſe Radius is an Unite, is (as Mr. Priggs hath | 3 
facwed) 7135441, and the Radius of the inftribed | 7 # 
Sphere, is the ſame with that in the ſcoſaedron, Now | ©? 
then to find the ſolid content of this Body , the (uperf- 
cial content of one of the Pentagonal baſcs muſt be in- 
quired by the 6" of the g® hereof, and in our Example will | ? 
be .$762185:62 which being multiplied by 12, becauſe | 2 
this Coop hath 12 Pentagonal baſcs, the ſuperficiesof * 
the whole Body will bz 10.514622242, and the third 3 
part thereof js 3.5 04874098, 5 


The log arit hm of 3-50487408 « C45 4177242 
The logar. Rad, of the inſcribed Sphere 9.9c017834 


The ſolid content 2.78516 


— - — — 


©,4448$5070 


And the ſide of any other Dodecaedron being given, 


folidity thereot may be readily found, in this mat | 


A: the Cube of the fide piven ©£404451 

1s to the ſelid content af 4 —— 

So # the (uber of 1, to the content ©.88.440557 
And 


(69) 
"3 And then the (olid content of any Dodecaedron (up- 
© pole of r, whoſe ſide is 6, may thus be found. 


| 3 As the Cube of 1 0,00000000 
"* Is tothe ſolid content thereof 0.88440557 
So t; the Cmbe of 6, Vit. 216 2:33445374 
The ſolid content 16542 4.21 885932 


; Cuapr. X11. 
' The Deſcription and uſe of the Carpenters 
. Rat. 


: T' Carpenters Rule is in length generally two 


' 
| foot, or 24 inches, according to the Standard, 
each inch being divided: into 8 parts , that is, 
: ito halves, quarters, andhalt-quarters : the 
* half inches are known trom the quarters, and quarters 
2? from the halt-quarters , by ſhort, longer, and longeſt 
# ſtrokes, and atevery whole inch is ſer figures, procee- 
* dingfrom 1 to 24, from the right hand towards the 
'* left, thoſe parts and figures, are (et upon both edges, 
> of one ſide the Rule, and are numbred both wayes,that 
* however you hold the Rule on that fide it may be (till 
ready for your uſc- 
On the other ſide you have the lines of Board and 
Timber mcaſure, the conſtruction whereof ſhall be 
ſhewed in the following Problemes, the uſe is thus, 


Firſt, Of the line of Board meaſure. 


F the breadth of any ſuperficics (as Board, Glaſle, or 

*® © the like) be given in inches and part of an inch , you 
may by this line find how much of that inle-gth will 
23} make a foot ſquarc, that " how much of that ſuperh- 
3 Cics 
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ies inlength , is equal to another ſuperhcies, that is, 
t2 inches broad: aid 2 inches long, for right a ainſ 
your breadch given , upon the other fide of your Rule 
von have the number of inches in length , which will 
make your breadth equal to a foot {quare. 

Exam. Let the breadth given be 9 inches, Ligh: 
agaiaſt 9 inches in the line of b ard meaſure « You fad 
16 in:hes, and ſo much in length will make one foot ; 
by which length , meaſuringthe whole lengrh of your 
(uperticies given , you may find the content thereot i 
feet, But if the breadth of your (uperficics be lefſe than 
6 inches , you muſt have recourſe to the Table, inthe 
head whereof is (ct your breadth, and right under it the 
length of the ſuperficies which' will make a foor of (u- 
perficial meaſure. C1 

Example, Let the breadth&{ven be 5 inches,then will 

2 foot 4inches, and 4 fifts gf an inch in length make a 
foot. 2:97 


Secondly , Of the line of Timber-meaſure. 


be a piece of Timber , or other ſolid be perfetly 
ſquare, ſeek upon your linethe number ot inches, 
that your ſolid will bear ſquare, and right again(t that 
number of inches, upon the other {ide is the number of 
inches and parts in length, which will make a tot 

Exampl:, Suppoſe your (olid given were © | :ches 
ſquare, that is, 9 inches on every 1:1de, right againſt g, 
in the line of Timber meaſure, onthe other fide ſtand- 
eth 21 inches, 2 cights of an inch almoſt, and (o much 
in length will make a too. 

If it be but a fmall piece of Timber which isto be 
meaſured, as under g inches ſquare , you muſt havere- 
courſe to the Table, and (eck the ſquare in the upper 
Rank of the Table, and right under, you have the tect 
inches, and parts that gocth to make a foot {quare , as 
in the Table of board-meaſure, 

Example, Let there be a piece of Timber proponnded 
that is 5 inches ſquare, right under 5 inches in the __ 
0 


(71) 
»f the Table, I find 5 foor, 9 inches, 1 eight of an inch- 
Bur it your (olid given be not juſt ſquare, but broader 
Fac one fide than at the other, then will this line or 
FTable ſtand you in no ſtead, it being made tor ſuch 
#(olids onely as are pertctly ſquare , which is but ſel- 
dom,& therefore is not of mnch uſe: 1nd the uſual way 
Z (by whic' the Carpenters doc meaſure (ach Timber) 
is very erroneous, which is thus. 
* TIfapicccof Timber be 15 inches one way , and but 
2 ginches the other, rhey adde theſe two together, which 
# make 24, and 12 the halt thereof they take tor the juſt 
{ ſquare of that piece , and theretore, ſay, that :2 inches 
# ora foot in lengr'1 will make a toot ſquare, bur in this 
* Examplethere will be 108 inches leſs then a true foot, 
* tor if you muiriply 15 by 9, the produtt 135 is the baſe 
| of the (olid given, which being multiplied by 12 the 
J 
f 


PY 


I 3»; 


{uppoſed length of a toot, the produ@ 15 but 16201nches, 

whereas 11 a toot of Timber there mult be 17:8 inches 

108 iacl:75 more. 

To avoid this inconveniency, it is neceflary that the 

Artificer ſhonld have ſome Arichmecical skil , which 
* being ſuppoſed he may(by the 1 Prop. of che 5 Chap.) mea- 
* ſure any Board, and by the 2 Prop. of the 10 Chap, anv 
piece of T imber , or other regular figure whatſoever , 
in Which there will be tome caſe, it rhe inches be divi- 
ded iato 10 parts, but the bzſt way is todivide the toor 
into 10 parts, and cach of thoſe into 10 more. 
* The Tables by whichthe hnes of Board and Timber 
* meaſurc are let upon the Carpenters Rule, may be 
| compu.c. by the tollowing Problems. 


PROBLEM 1. 


* The breadth of a long ſquare betng gruen in inch-meaſure , 
ro find the length of a ſuperficial foot 11 the [ame meaſure, 
&* the breadth given , is & 12 inches, or afoot in 
EA breadth; ſos 12 inches or a foot in length, to 
tne length required 
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or thus : 


As the breadth given, is to 144 inches the quantity ; q 


a ſuperficial toot, ſo is 1 foot ; to the length required 
And therefore 144 inches being divided by the breadt 
given, the quotient ſhall be rhe length require4, 
Example, Let the breadth of a board be 5 inches, and 
you would know how much of that board in lengh 


will make a toot or 144 {quare inches : divide 144 by, | 


the quotient is 28.4 inches, that is, 28 inches 3 quarters; 
and {o much in length will make a foot ol beard, tor 
28 + inches being multiplied by 5 the produd wil 
bc 1.44. 


In like manner, ifthe breadth of a board given, he | 


13 inches, 9% inches in length will make a tooth 
board, and (o of any other. 


PROBLEM 2. 


The breauth and depth of a piece of Timber bets.9 gen, 
te fizi om much of that Timber 1 length , will makes 


f 801. 


M Ultiply the breadth by the derrti2, and divide 17:4 | 


the number of cnbic inches in a foot by the pro- 
duR, the quotientſhall be the length required. For, 

Asthe rectangle made of the breadth and depth, is 
to1728$3f01s 1, torhe levgrh. 

Example. Lerthe breadth of a piece of Timber be 17 
inches and rhe depth 9, the produdt of thefe rwo is 152, 
LOW then 1 yon divide 1928, by 157. the quotient will 
be 11,2941, that is,1 1 inches 5, and ſomewhat more. 


2 Example [ctthebreadth ot a piece of Timber be | 
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7 inches, and the depth as much, the product of 7 by 7 |: 


1549: NowWthen jj you divide 172t by 4: ,the quotient | 


is in.inchcs 35-265 that is, 2 foot 11 inches 43 ad {Omer 
what more, and {o of any other. 
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CHAP. XIII. 
Ofthe Art of Navigation m General. 
T5 be four things upon which the Practiſe 


of Navigation is eſpecially grounded » viz. 
r The Longicude. 2 Latirnde. 3 Courſe, 'q Di- 
ſtance. 

Touching the Longirude, though it may be found 
by the otker three, yer hitherto there hath nothecn de- 
livered any general Rule, true and praftiſcable, where- 
by the langicudes of places might be immediately and 
ordinarily tound of rhem(c!ves. 

The Latitudes of places may be immediately found 
by obſcrvation of Sun and Stars, as ſhall be ſhewedin 
the 5 Chapter of the Deſctiprion and uſe of the Globe. 

The third thing to be confidered in che Art of Navi- 
gation, 15 the Courſe or Line , by which the ſkip mult 
g0c- Now the Coutſe of a ſhip upon the Sea , depend- 
cth upon the Windes; and the deſignation of theſe de- 
pends upon the certaln knowledge of one principal 
Wind; which conſidering the ſituation ard conditon 
of the whole Sphere : ought in nature to be 7Vorch, or 
South : the N+*r7th to us upon this {ide of the line, the 
Sexchto thoſe in the other Hemiſphere ; tor in making 
this Obſervation , men were to 1vtend theraſelves to- 
wards one or other certain fixed patt of the Heavens, 
and therefore to rhe one of theſe. 

In the Se»th parr there is nor found any Stat ſo no- 
table, and of (o neare dfſtance from the Pole , as to 
make any preciſe or firmdire&ion of that Wind : but 
in the Nerth we have that of the ſecond magnitude in 
the tatle of the leffer Bear , makivg fo ſmall and in- 
cenſeable a Circle about rhe Pole, that it cometh allro 
cno as it it were the Pole it felt. 

This pointed out the Nerth-wind to the Mariners of 
old eſpecially, and was therefore called by ſome the 

: 04 
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Load of Lead-ftar, but this could be onely in rhe night, 
nd not alwayes then, | 
. FR S more conſtantly and ſurely ſhewed by the 
Need!: touched with the Aſagner which is therefore 
called the Load or Load-ftone, for the ſame reaſon of the 
leading and direQing there courſes to. the Northand 
South parts of the Earth , notin all parts directly , be- 
cauſeintollowing the conſtitution of the great /ſags:: 
of the whole Earth , it muſt needs be here and ther: 
led aſide towards the Ea or Weſt by the unequal tem. 
per of the Gl-be, confifling more of Water thanot. 
Earth, in ſomeplaces, and ot Earth more or lefs Mag: 
netical 13 01ers. 

This dcviation of the Needle the Mariners call Nori! 
eating, and Nerth-wefting, as itfalleth on: to by, vther- 
wiſc, and more artificially, the variation of rhe Com- 
paſſe, which,though it pretend uncertaigty,yct proverh 
to be one of the greateſt helps, that Seamen have, 

The Nerth and $wth winds being thus afſured by 
the mation cither of Dire@ion or Varlatio:1 of the 
Needle the Marincr ſuppoſerh his fhip to be (as it al- 
waves is) upon ſume Horizon or other ., the Center 
whereot is the place of the ſhip repreſented by the Cen- 
ter of the Mariners Compoaſs,the Diamcter whercof we 
will {upppoſe to be the line of Yorrb and S2:1thb, which 
being crofled by another line thcaugh that Center at 
right avgles, ſhewerh the Eaſt and #/?, and {othey 
have the four Cardinal winds, craſſe again Ccach of 
of theſe lines , and they. have the cight whole winds, 
asthey call them. . Another diviſion of theſe maketh 
cight more, which they call half winds, a third maketh 
{1xreen, which they call the quarter windes: aud ſoin 
all cher2 are thirty and two. 

-Every one of thele winds is otherwiſe termed a (c- 
veral point of the Compaſs, ans the whole line conli- 
ig of two winds , as the line of North and South, ot 
thacot Eaſtandweſ, is called the Rumb. The winds 
and Rhumbs thus aſſigned by an equal diviſion ofa 
great 
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great Circle into 3» parts, the angle which each Rumb 
makerth wich the Meridian is ealily known , for if v.u 
divide a Quadrant or 9godeg. into cight parts,yau have 
the angles which the eight winds reckoned from North 
to Eaft, or reft doe make with the Meridians and thuſe 
reekoned from S-wth to the Eaſt or Weſt are the ſame, 
2nd for your better dircQioa are here exhibircd it rhe 
' Table following. 

H re xote, that the angle which any point of the Com: 'ſe 
maketh with the M-ridran, is calel the Rumb : and the anole 
which it maketh with any parallel , is called the Complement 
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How to find the Azimuth of the Sun by th 
Scale of Verſed Sits. 


O the line ot Verſled Sines , of which we haye 

already ſhewed the conſtruttion, in thethins Þ 

| Chapter. Mr. Samuel Fefter , late Profefforot Þ 
Aſtronomy 10 Greſham Colledge Lond. hath . 

very co:rveniently joyned the 12 fignes of the Zo- Þ 
diack ia the uſe whereof as there he hath 
plained himſelf rhe place of the Sun , is {til} Cuppoſed F| 
to be known, and is ſet to the line according tothe Þ 
Suns Declination trom 9o both waycs, aid therefore 
eA rits and Libra having no Declination arc ſect at god 4 
inthis line of verſed fines, and T aar having Nonh 
Dcclination 11 deg. 51 min. it {ct fo many degrees and 
parts from 95 towardsthe beginning of the © cale, an! | 
Scorpie having South Declination as much, is in like 
manner placed fo many degrees and parts from go to- 
wards the end of that line, andfar the reſt, according 
to their ſeveral Declinations ; but how the Reader 
ſhould find the Sans place for every day in the year, 
he did not think convenem to explain there, nor ws 
1t indeed any orcat omiſhon, {cetng itis ſet downin 
ſo many of our yearly Almaenacts, yet inthe printol 
that Scale v hich 19 this Treatiſe Fdoe recommendto Þ 
the Reader, rhere 1s a line purpoſely added to ſupply Þ- 
that deteft, in which you have the Suns place and 
Declination both, to cyery day of each moneth inthe 
year, and may or may not be added tothe Scale, 2 


434 one ſhall kid 1t moſt conyenicat tor his ow! 
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To find the Suns Azimuth by this line or Scale,three 
hings muſt be given : the latitude of the place in which 
you are, 2 the Suns altitude. ahove the Horizon, and 
he Suns place in the Zodiack: theſe three being given, 

nd the ſum and difference of the Complement of your 
latitude, and Complement of the Suns altitude : then 
having made AB cqual to the length of the whole 
Scale,count upon the ſame Scale the ſum and difference 
before foun:. 

After this , take with your Compaſſes the diſtance p;g.g23, 
com the Sus place to the ſum, and (etting one foot of 
hat extent upon B, witch the orher deſcribs the ark CD. 

$5again , take the diſtance upon the Scale from the 
Suns place to the difference, and with that extent upon 
he Center A, deſcribe the ark E F: which done, draw 
he ſtraight line D E fo, as it may juſt couch thoſe arks, 
Cutting the line AB inG: ſo ſhall BG (b*ing mea- 
ured upon the Scale trom the beginning of it) ſhew the 
Azimuth from tht South. And A G mcaſured upon 
the ſame Scale will give the Azimuth from the North. 


y 


Exanrp:e. Anguit the rc the Suns place iS1n Scorpio 
3 deg. his alcitude inthe latitude of London 51d. 53 1. 
1514+ 25 degrees. 


Now then the Complement of latitude 38:47 
(omplement of Suns altitude 7575S 


_— 


T htir [nm 114.22 
Difference 37-38 


- Now then, having drawn the line A Bequalto your 
whole Scale of verſed {ines , ſer one foor of your Com- 
paſſes in 3 d. of Scorpio, and open the other to 11442 2 d. 
2 that Scale , and with that extent upon the Center B, 
deſcribe the arch CD, then open your Compaſles 
from 2.degrees of Scoypro, to 37.38 degr. inthat Scale, 
ad with that extent avon the point A, deferibe the 
arch'BFand draw iv liar .” E.T hea is B G being _ 
E131 3 ure 


(7+) 
(1red upon that Scalc 42,13, the Suns Azimut) fron 
the South, and AG 141.87 the Suns AzimumhtonÞ 
the North, 
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Of the Vartgtion of the Gompaſſe. . 
7,” Hat the courſe or way of a ſhip upon the $ez, A 
a is inthe generaldireCted by the Needle touch: Þ yni1 

ed with the Magner, 2th been already ſhewe 


in the 13" Coapter: but becauſe this doth not inal 
places direCtly point 1uto the NVorrh and South , as hath 
been ſaid : before we proceed any turther , it isfit, to 
ſet down lome directions for the more certain know: 
ledoe of thoſe points, how much the direction ot the f 
N-edle diffireth from the true poticion of them, and 
by conſequence from any other point ia the whole Þ 
Compats. 

Now the Verth and $2zth points cannot be mor: 
certainly known, thei by the Azimuth of the ©1117, or 
his amplitade iromthe Eaft or #+/t at the tims of his 
ring or ſetting. Or by his Azimuth and diſtance trom 
the N-7th and Senth part of the Meridian at any other 
time of the day, as hath been ſhewed inrke tormer 
Chaptcr, and ſhail be otherwiſe ſhewed when we come 
to ſpeak of the uſe of the Globe : by either ot which 
wayes the Azimuth of the Sun being found the dire- 
con Or variation of the Compaſls is calily tound alſo: 
for {uppoling the circumterence or outermoſt edg of 
the Card or flie of the Compaſs to be divided ito 
260 degrees , and the peint of the Needle to be ;laced 
direaly under the hourline or North and South points, 
you are to obſerve at Sun-rifing or (etti ng, how many 
degrees the Sun is trom the Eaſt or Weſt of the Compal, 
which number of degrees, (if they agreg with the am: 
plitude 
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ric found by Calculation) then hath the Com 
as no variation : bur if they differ , look how many 
grees the difference is, fo much is the variation. 
Examplz. Suppole the Suns amplitude tobe »1 deg. 
ceneſmes northerly : then I know that the Sun 
*Kould ſet Co much from the weſt towards the Verth : 
Sit obl{erving with my Compaſls at Sunſetting ſuppole 
find it to (er bur 17 degrees from the //:/? point of my 
Compaſs rothe Northward, therctore the Necel: Co: h 

Yary trom the truz VVerth aid Sortn pornts 4 degrees 

po conte{emys: 

* Anito find which way that Compaſs varicth , you 
"$11 Obſerve whether the amplirude tound,pe rowards 
tc right or the left hand of the Sun-riſing or (ettiog ;; 

ic be on the 11ght hand, the variation is Eaſteriv, 
11 the 1:tr Weſterly: for when a mans face is to- 
Wards the N-rtb, the Eft is on his right hard, and the 
#7 .n [1s left. 


* As inthis Example, I find by the amylitude , that 
"thc Sun ſhould fer 21 deg. 50 parts, trom the eſt part. 
@& my © ompaſs Northerly;, but ſetting the Sun, Ice 
at this 21 degrees 50 parts of my Compals is morcito- 
yards the right. hand, then the place of Sun-ſct, 
herelore | conclude that the variation is Eaſteriy of 
eNorth, and conſequently that all the other points 
 &f my Compals direct more toward the right hand, 
then they ſhoulil by 4 degrees andan balt. And thus is 
bc Needles variatiun to b: found, by obſerving and 
pmparing the Suns amplitude. 
Andin like manner may the variation be known by 
de Suns Azimuth, . 
Examile, Admit the Suns true Azimuth from the 
[or th to be 107 deg. 50 centelmes, and 10: deg by the 
ompaſs,the diftercnce between theſe 5 d. 50 ceurelms- 
the preſent variation of the Compals, 
X Bur to know whether this var:ation be Eaſterly or 
eſterly, Icvntider that by the Suns true azimuth 
und by Calculation , the Sun ſhould have bcen "ow 
rhe 


. 
- 
b. 


(0) 
the North 107 deg, 50 cent. that is, fromthe Eft prin ſÞ 
of the Compals to the Southward 17 deg. 5 centeſn, 
whereas ſcrting it with my Compaſs, is was from, 
F4# to the Sourhward but 12 degrees : fo that t,t 


deerce whereon the Sun ſhould have been, was mor th 
towar{ the right hand, than the degree whereonj = 
was: therefore I affirm the variation to be Eaſter A 
5 degrees ;v centelmes. - 
————— CH — —O— —— | 1 
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Of drouding the Log=line, and how to recknp * 
by tt the way or diſtance that the ſt1p 

1s gone from any point. » 

He finding of the diftance of a ſhip to am} * 


place from which ſhe hath departed is'ht } n 


ſary in this Art of Navigation ; and "1s v4 

cenerally done by a Line faſtencd to a little LogdF}Þ? fr 
wood let down into the water, for by the Jengthot tiefh1 t 
Line which this Log fhall draw out of the ſhip in ſont] 1 k 
certain quantity of time, is uſuaily reckoned thedr f 
Pancerhat the hip hath run inthat Line, or myo | x 
tor ſome {mall pertion of time after : ard althoughtÞ F ® 
isHota Rui infallible, yer doth it many rimes ſtariff # 5 
the Mariner in good ſeed. _ © 

This way of finding the diſtance run is ground ;9 


upen this opinion , that 5 of our {cet doe make a pat 
arid that 1ce© of ſuch paces make a mile , and ceſuc 
miles doe make a degret ; and thus a degree ſhout 
cOntetn 2cvoco feet; but this erronr hach been lon 
lince detefted by our worthy Contry-man Mr. Richoll 
Norweod', who by the experiments of others as weil 


| 
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(81) 
of his own, hath found it cantein a greater number 
of feet , the macaſure of a degree aſlertained to ns by 
his experience is 367-200 of our Erglih teer : bur for 
the rotundiry of the numbers , and brcaule ic is {after 
ro reckon of the leaſt, rather than roo much , he dorh 
{ſuppoſe a degree to contein onely 360.090 cf our !ect. 

And cetcining ſtill the ſame diviſion of a degree into 
3 10 miles or 20 leagues (as beth been formerly uſed ) 

* 4mile will contein 60.26 fect, 

: Now ſuppoſing the time of the running our of the 

| Log-line to be meatured by an half-miaue-glaſs, it 

: weoblerve how many feet ſhe runs in half aminute, 
2 we may thereby find her way for an hour or 4 hours, 

* or for any time propoſed. 

* » As, admit that 50 foot of the Leg-lire ſhould run out 
{> inbalt a minute or 30 (econds of time, it is apparent 
1” that then the ſhip runneth a mile , an hour, 100 feet 
{> bcing rhe 60® part of a mile : an1 therefore, 

eAs 1 minute, 1310 60 minutes: Sors 100 feet, to50co 

t feet. Or, As 1 minute, is to C0: So is 2CO feet, to 12000 
IE feet or wiles, And fo for any other. 
Upon this ground if at halt a (core fathoms or more 
$17 fromthe Log, you make a mark, and beginning from 
| 


F 


thence meaſure 5e feer, you may there make the firſt 

knot , and 5o foot further two knots , and 50 foot 

If 7 further three knots, and ſo proceeding look how many 

| 3 knots there are run out in half a minnte, ſo many 

If 3 miles doth a ſhip run in an hours time, and every 

5 foot more beſides the knots , is a tenth parc ot a mile; 

* aSit there were run out 6 knots and 45 feet in halt a 

|| 7 minute the ſhips way is after the ratc of 6 miles and 4 

FF 3 tenths of a mile in an hours time, &c, 

Or, retcining the ſame number of feet, for the 

quantity of a degree, viz 360.000, if you ſhallallow 
100 miles to a degree, every {uch mile will contein 
3-600 feet, 5 of which we will be cqual o 2 of the 
former, for 5 times 3600 is 18,000 fcet, and 3 times 
6000 is 18,000 fect alſo, 


Now 


(AMT. YE 


Now, if according to this proportion, the timeof 
rinning out of the Log ſhall be meaſrred by a Glaſs 
of 26 ſeconds , or the hundreth part of an hour, and 
hall make a knot at every 36 feet in the Log-line zlook 
how many knots there arc run out 1n that Line, (ſo 
many miles doth a ſhip run in an hour , and every 36 
feet being divided 1nto 10 parts, that is z Very 3 :00t 
2nd6 tenths of a foot , every of thoſe diviſions, is 
tenth part of a mile more , and thus, it there were ru 
out 18 k:1:Ms and 3 tenths, che ſhips way is after the 
rate of ; miles and three tenths .of a mile in an hour, 
By cither of the'e, the account of the ſhips way may 
be exattly enough kept, and the Mariner is left to his 
choice, though the latter (as being molt calie and 
ready tor uſc) deſerves a better acceptance, then as yet 
it hath four, 
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Of Sailmg by the plain Chart. 

' Wltherto we have ſkewed how two of the four 

H principal things inthe Art of Navigation,vi, 

how the Rumb and Diſtance may cach of | 
them be found by themſelves : we will now 
ſhew , not onely how (ſerviceable theſe together with 
the latitude , are for the finding out of the longitude of 
laces: which is the fourth thing defired ; bur alſo 
ow any two of thele four being givenz. the other may 
be found : and this may be done, either by ſtraight 
lines, or by arches of great Circles.. 

Now, for the finding of theſe by ſtraight lines, there 
are tw) wayes: the firſt ſuppoſeth the degrees of lon: 
girude in every parallcl of the Equinottial, to be cqual 
to the d*grees thereof, as thoſe in latitude are, and thi! 
«called, plain Sailing, oc Sailingby the plain Chu. 
The 


7 
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| (83) 
The other ſuppoſeth the degree of longitude in every 


2 parallel] to be equal tothoſe in the EquinoRtal as the 


other doth , bur becauſe in truth they are not ſo, ic 
therefore ſuppoſerh every degree of latitude to increa'c 
in ſuch proportion . as every parallel of longitude Jorh 
decreaſe from that in the Xquinottial , and this is that 
which we call, Sayling by Mercators Chart: of both 
which ſo much hath been already written by others, 
that I ſhall not need to ſay much, I ſhall therefore 


; onely ſhew by an Example or two in cach, the uſe 
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ritude , and C 


that plain Triangles have in this (nole(s tamous than 
profitable) Art of Navigation. 


Probl:ms of Sayling by the plain Chart, 


PROBLEM 1. 

The laugitude and latitude of the place from whence you 
came beir.g known , with the Rumb you ſail.d upen , and 
diſlar.ce run , to find the longitude and latitade of the 
Place towhich you are come, 


By the place from whence you have ſailed be A, 


whoſe latirude we ſuppoſe to be 5 2 and longitude 
25 degrees, the Rumb upon which you have ſailed we 


| ſuppoſe to be the third Rumb trom the Meridian Eaſt- 
' ward, that is, S. E. by S. 33 deg- 45 min. or in Dect- 
* mal numbers 33-75 degr, and the diſtance which you 
: have ſailed oo this Rumb, let be 95.214 leagues- 
* Then in the Ri 


ghr angled plain Triangle A C Ek we 
have known, theangle C AE 33.7* , and the Hypote- 
nuſe A E 96.214, andthe legs A C the difference of la- 

I: the. diflerence of longitude are rc- 
quired, 

Now therefore if you protratt the given angl* CAE 
33.75, upon the point A, as hath becn ſhewed, a'1d 11poa 
theline AE, ſet off the diſtance run 96.214 leagucs, 
or rather 288,642 miles : if ycu would reckon by 6c m, 
toadcgree, 3 of which miles arc anſwerable to one 

L 1 league: 


(84) 
ieague : the difterence of latitude A C will be 240 mile, 
that is, dividing them by 601 the number of minutes 
in one deprec, 4 degrees juſt» and E C the difference 
of longitude will be 160.36 miles, that is, 2 degree 
40 minutes. 

But it you make AE 96.214 leagues to be g81,:5 
miles, by allowing 5 miles to every league, as you 
ought to doe if you reckon 100 parts to one degree, 
the difference of latitude A C will be 400 miles, o 
4 degrees, and the difference of longitude, CE :67.; 
miles or 2 deorees , 67.27 parts of a degree, which isin 
effect the {ume with the former. 


PROBEM 2. 


4 he longitude and latitnde of the place from Wh: «ce you cam, | 


with the Rumb upon which you have ſailed, and the lai 
rude of the place to which you are come , being given to fini 


the diſt ance and difference of longitude. 


; Er A repreſent the place from whence you ſet (ail, 
whoſe longitude and latitude ſuppoſe to be as in 
the laſt Problem; and the Rumb upon which you have 
failed the ſame allo, viz. $, E. by S. $3.75 degrees, 
let E repreſent the place go which you are come, whole 


latitude (found by. obſervation) ſuppoſe to be 4 deg; | 


more Northward than the place at A. Then inthe 
Right angled plain Triangle ACE, we have known 
che angle CAE 23.75, the leg A C 4 degr. thedifte 
Fence of latitude, to find the hypotenuſe AE, and the 
difference of longitude C E. 

Toperform this , you muſt protra the angle of the 
RumbC AE 33.75 as before, anddraw the lincAE, 
where it crofleth the line of longitude CE is the place 
to which you are come, and therefore a Ruler laidto 
E, ſothat irmay cut like, number of degrees. at the top 
and bottom-of your Chart , will gixc or the diffcncace 
ot longitude 2.67 degr. and & E being mealurcdin the 
kde of your. Chart, orby @ like Scalc-of equal part 
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will give you 431.97 ſuch miles,whereof 160 doe make 
7 a degrec. 
X Other Preblemes of plain Sayling might here bc 
2 added bur theſe wedeem ſufficient to illuftrate that, 
2 which is well enough known to be egregioully falſe , 
> and erroneous, and therctore omitting what might 
+ otherwiſe be ſaid concerning this way of ſayling, come 
* wenoWto that , which isin it (elf nuch more exatt , 
* and may be performed almoſt with as much caſc, the 
ſecond way of ſailing by ſtraitlines, known by the 
' name of CAMercators Chart. 
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| CHAP XVUIL 
Of Saylmg by eMeriators Chart. 


He true difference between this and the plain 

$ f Chart, hath been declared in the former 

Chapter: in this we ſhall briefly ſhew how 

ſuch a Chart may be made, and to prevent a 

tedious Deſcription thereof , we fhall for that refer the 

Readerto Mr. #-ights error of Navigation , or to what 

we have borrowed from him, in our Mathematical 

Inſtitution. In this place it will be ſufficient, if we ſer 

- downthe proportion onely which the Diamerers, and 

* Semidiameters that every parallel to the Aquinotial 
hath tothe Meridian. 

And the Semidiameter. of every parellel, Hath ſuch pro- 
| portion to the Semidiameter of the Meridian: As the Semi- 
: diameter of the Meridian; Hath to the hypotenuſe ( that is 
| tothe Secant) of the paratels latitude. 

: I therefore thie degrees in every parallel be by ſuppo- 
ſition(as in this Chart they are,)made _ unto thoſe 
2 inthe £quizo8id) {'the fir degree of latitude from 
> . the AquirioQial muſt be 4 ro the Seeant of one de- 
gre, and the ſpace from 4 firſt degree of latitude ”o 
7 3 tne 


(86) 
the lecond, muſt be equal to the Secant of two degree, 


ſo forward. dia! 
__ then if it be required toproje& ſuch a Chin Dec 
for any particular Voyage » as ſuppoſe from the lai. (#4 "P* 
tude of 52; tothe latitude of 56 degrees , having drawn I 7 
the line A B,and having crofleth it at right avgles with (Þ B 
another line A | repreſenting the parallel of 5: des, Al 
you muſt then take the Secant of 5-tfrom your Scale 7 * 
and (ct it from 52 to 53 on both ſides of the Chart, a4 Þ * _ 
draw the parallel 53-5?- | | po! 

Again, take the Secant of 53 from your Scale ani Þ | © 
ſet it upon your Chart from 53 to 54 y and ſodray the Þ © 5 
parallel 54.54- And fo you are to draw the reft of the = 


parlallels. = 
Then for the Meridians, or Diviſions of the line BC, Þ + let 
they are all equal tothe Radius, it therefore youtake 


the Radias, and run it above and below ; you hal dr 
make the ſpaces or diſtances of the Mertdians ſuch ye 
inthe bottom of the Chart are figured with 1,2,:,4,5. ” 


T heſe degrees thus (cr on the Chart , may be ſubdi: 
vided into equal parts, Which in the graduations above 
and below ought ro be {o : but in the graduatio"s upon 
the {idesof the Chart, they ought, as they grow higher, 7 
ſtillro grow greater ; and yet the difference is (0 (mall, 
that it cannot produce any conliderable errour, though 
the ſubdiviſions be all equal. Divide them therefore, 
cither into 60 min or miles , or into 100 parts or miles, 
which is indeed the beſt ; the uſe of your Chart thus ] 
drawn ſhall be explain'd in the following Problems. 


PROBLEM 1. 
The longitude and lat nude of the place from whence you cam, 
with the Rumb wpon which you have ſailed , and diſtarc: 
run keing given, to find the longitude and latitude of the } © 


place to which you are compe, 
F £4 repreſent the place from whence you come 
whoſe latitude ſuppoſe to be 52 deg. North, as 
longitude 3 5 degrees, the Rumb upon which yoo buſt 
ai 


7 we 
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(37) 
ſailed we ſuppoſe to be the third Rumb fromthe Meri- 
dian Eaſtward, that is, 5. E. by $. 33 deg. 45 min, or in 
2 Decimal numbers 33.75 degr. and the diſtance ſailed 
Z upon the Rumb, let be 96.214 leagues. Then in the 
* Right angled plain Triangle A BC wehave known 
*B K C 33-75 theangle of the Rumb, the hypotenuſe 
AC 96-214 leagues, to find A B the difference of lati- 
2 rude.and BC the difference of longitude. 

* Theangle oftheRumb muſt beprotrated upon the 
: point A, as hath been ſhewed inthe plain Chart: bur 
* the diſtance run 96.214 leagues, or rather 481.07 (ſuch 
! miles whereof 1co makea degree , muſt betaken from 
| the Meridian line, atthe latitude from whence you 
! come, viz. 52 deg, upwards, that is, 4-81 degrees, and 
ſctfrom A to C, fo ſhall the point C repreſent the place 
to which you are come : upon which point havin 
drawn BC parallel tothe latitude of 52 degrees, A 
your dift-rence of latitude will be found to be 400 miles 
or 4 degrees, and B G your difference of longitude 455 
miles Or 4+55 deg- 1-87 deg. morethan the plain Charr. 


PROBLEM 2. 


: The longitude and latitude of the place from whence you came 
withthe Rum upon which you ſailed, and the latitnde of 
the place to which you are come being given, to find the ds- 


france and difference of longitude, 


Er A repreſent the place from whence you come , 

whoſe longitude and latitude ſuppoſe to be as betore 
and the Rumb allo, v:z. S, E. by S. 33-75 degrees. Let 
C repreſent the place to which you are come, whoſc 
latitude found by obſervation, {uppoſe to be 4degrees 
more Northward than the place at A. Then inthe 
Right angled plain Triangle ABC, we have giyen 
the angle BA C 33-75 the angle of:the third Rumb 
+ fromthe Meridian, and the leg A B 4 degrees of lati- 
3 rude more Northward than the place at A. To find the 
3 difference of longitude BC, and thediftance run A C ; 
Atl 


we $5, 


h theſe are plainly expreſt upon the Chart, the 
zz of longitude B C is by in{peQion degr. 4.55 


lured , divide the ſpace that is in the Meridian line he. 
tween the two latitudes at Aand B into two equal part, 
which in this Example will fall in the point D, then 
take with your Compaſſes halt the length of the line 
AC, that isthe length of A EorEC, and fettingone 
foot of that exrent in the point D, which is the midgl: 
point between the two latitndes, you ſhall find thx 


(88) 


And AC the diſffance run may thus be mez. 


the other point ſet downward, wilt reach toF, thatis, 
tO 51-54, then keeping the one foot {till faxed in the 
point D, turn the other upward , and it will reach to 


a 4 *o 
FOO. OTE. LS” = 


G, that is, 56.71 : and therefore the degrees in the Me: | | 


ridian line between thefe two points F and G, ar: 
4.81 deg. or 481 miles, 

By theſe few Problems, the uſe of the Plain orci 
Mercarers Chart , is (as we conceive) (ufficiently cx- 
Plain'd y he that defires more ample inſtructions, may 
rcad what Mr. Gumer, Mr. Foſter, Mr, Nor wood, My, 
Philips, and Mr, Collins have written of this (ubjcR, in 
whole works you may be abudantly furniſhed with 
varicty of queſtions, which being wel conſidered,a little 
PraQtiſe will render the things, to be very plain and 


calie , which at the firſt are hard and difficul: to be , 


conceived. 
Suu fudu de deck dh docs d_ck cod, fndert 
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DESCRIPTION and USE 
of the 


GLOBES 


CHAP. I. 
What «a GLOBE 5s. 


Sphere or Globe is an artificial repro» 

ſentation of the Heavens , «r the 

Earth and Waters,under that form 

& figure of roundneſs which they 

are ſuppoſed to have : ſhewing ina 

2E @\\9 juſt proportion and dif ance, every 
/ JISFZZ 8 particular conſtellation in the Hea- 
VP WSa vens, andeach ſcycral Rogion and 

at of ground in the carth. 
$ This deſcription or repreſentation is by circles, great 
Sond ſmall, ſome of which are expreſicd upon , and 9- 
Tiers are framed without the Globe. The circles with= 
Putthe Globe are chiofly rwo : the Meridian , and the 
orizon.,. the one of brafs,, the other of wo0d. Circles 
RBndeed they- are: not, to ſyeakt properly , becauſc in a 
Fri lenſe no: lene is ſuppoſed to have any breadth , 
Fhereas both: heſe ah adrh-aliowcd them , os 
| 3 uc 


(29) 
ſuch things might be written upon them, as migh 
render them the more uſetul in all poſitions of the 
Gidhe, and therefore they being of a Circular form, 
notwithſtanding the impropriety of ſpeech, ule wil 
haveit ſo, and we muſt call them the Meridien and He. 
rizontal Circles. 


> > CB*—— —T_—_ 


C H 'A P.- I I, 
Of the Meridian without the Globe. 
T He braſs Meridian is divided into 4 equal part: 


or Quadrants, and each of them are (uhdi- 

vided into go deg- that is, 36» for the whole 

circle, The reaſon why this circle is not divi- 
ded into 3650 degrees throughout, bur ſti]! ſtoping atthe 
90", beginneth again with 10, 20, 3 o- &c. 1s, becaule 
the uſes of this Meridian ſo far as in degrees they are 
concerned : require no more than that number. 

As for Example : One uſe of the Aeridian is to ſhew 
the Elevation of the Pole, but the Pole cannot be eleva- 
ted above go degrees. Another is to ſhew the Latitude , 
or diſtance of a place from the &quator, whichalſo 
can never exceed the 4® part of the circle ; for no place 
can be turtherdiſtant from the Xquator than the Pole 
which is jaſt that number of go degrees. 


— CO ———— 
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CHAP: IIL 


Of the Axis and Poles of the Globe, and 
of the Hour-circle, 


Rom the. North and Seuth ends of this Meridian 

| 4 ſtrong Wyer, ot Braſs, or Iron is drawn, ot 

-. ({uppoſedtobedrawn (tor the Artificers do not 

alwaycsdraw it quite through) by the center of 

whe Globe repreſenting the Axis of the Earth: on 
Nort 


(93) 


Nth end whereof ſtandeth for the North, the South end 
tor the Seuth Pole of the earth, Upon the North ena, a 
ſmall circle of braſs is ſet , and divided into two equal 
parts, andeach of them into twelve, thatis, twenty 
four in all- This circle is the onely one above the 
| Globe, which is not imagined upon the Earth , bur is 
there placed ro ſhewth= hour ot the day and night, in 
| any place where the day and night excced not 24 hours, 
© therefore it is called Cyc!us Horarims, the Hour-circle ; 
for which purpoſe it hath a little braſs pin, turning 
© about upon the Pole, and pointing to the ſeveral hours, 
* which horelace 1s called, the [ndex Horarins. 

, Theſmalcircleis framed upon this ground , that in 
the Diurnal Motion of the Heavens, 15 degrees of the 
&Equinoftial riſe up in the ſpace of each hour, that is, 
360 degrees, or the whole circle,in the ſpace of 24+ So 
that the Cyc/us Horarine is to be frame 1 tothat com- 
pals, as tharevery ewenty fourth part cf it,or one hour, 
15 to bear proportion to 15 degrees of the Equator be- 
lowit. And{o intutning the Globe about , one may 
j pe: thar while the pin is moved trom any one 
our to another, juſt 1.5 degrees of the XquinoCtial will 
*. & tilcup above the Horizon upon one ſide, and as many 

9 | more goe down below it on the other. | 
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. CHA P: IV: 
Of the Horizon. 
f other Great Circle without the Globe is the 


Horizon , upon which (yct not as due to this 
circle, more than any other; bur becauſe there 


by - 

n is more room) the Geographers fer down the 
x | 22 Signes with their names and Charatters: : 

# | And becauſe cvery ſign of the Zodiack conteineth 


K 


4 zo degrees, which is 360 tor the whole circle, the Hori- 
h 


M 3 ton 


| (94) 
on is divided into 360 degrees indeed as it Ought , but 
not from 10, 20, 30, 4c, and ſo throughout, bur þ 
thirties, that Is, 10, 20, 3O, and 1 ©, 20, 30, and {oalon 
to make the diviſion contormto the t 2 Signes, toeach 
of which, as 1 (aid, is alotted the number of © degrees, 
And the reaſon is in reterence to the Sung An- 
nual Motion, in the covirie whercot he difpatcheth 
every day one degree under or over. $0 that he paſſeth 
througheach of the ſignes in, or much abour,the ſpace 
of py, ern So that, though lome ot the 1 2 monethy, 


. . T 
an(werivg to the 12 fignes, conſiſt of one day more - 
than 3o, and one of 2 dayes leſs, yet take themons the 
with another, and the dayes of every moneth corre- iſ 


ſpondent tothe ſeveral degrees of every ſign, or with- | Gl 
out any conſiderable dittercence. And after that rateor WW ba 
much about it , they are placed upo'1 the Horizon, to i p 
ſhew in what degree of any ſign the Sun isevery day fr 
of the year. = to this purpole, there is (et down f, 
upon the ſame Horizon a Kalender, and that of three | be 
ſorts in ſome Globes, of two inthe moſt : One whereof I © 
is called the Jian, or Old, the other, the Gregorian, or i P 
New Account , reckoning this lattex 10 daycs bctore | K 
the former, and the, third ſort where ir is found iz, | ol 
The ground of difference dependeth upon the Suns WF « 
motions, Which muſt be known by Calculation, not by 


the Globc, and ſo not apperteining to our preſent pur- þ 
ef 
Of theſe two circles there needeth. not more tobe . 


ſfaidat preſent , onely we may obſerve, that it was in- | C 
gentouſly deviſed of thoſe, who firſt thought upon itro I 
{ct one Meridian and one Horizon without the Globe, | 
co avoid the contuſion it not the impoſſibility of draw- 

ing aſcveral Mecridian,and a ſeveral Horizon for every 
place, which muſt have been done, if this.or the like de- 

vice had not been thought upon. 


CHAP. 


Of the Quadrant of Altitude, and the 


B 


Compaſs, 
Eſides the circles framed without the Globe , 
there are two other appendants: the one rela- 
ting tothe Meridian, the other to the Horizon. 
The firſt is the Quadrant of altitude, and is a 
thin braſs plate repreſenting the fourth parrt of a srear 
| circle, and ſo divided into go degrees, called therctore 
| the Quadrant 3 and the Quadrant of altitude , becauſe 
| it meaſureth the heigrth of the Stars upon the Celeſtial 

Globe, to which it doth moſt properly b:1»ng. The 
| bulineſ(s it hath to do in Geography,is to ſer our the Zenith 

ofany place, and conſequently to ſhew the angle of po- 
| firion, or bearing of one place to another : and is there- 
fore affixed ro the Meridian with a little Screw-pin, to 
be removed at pleaſure from the Vertical point of any 
place to the Vertical point of any orher, 

The ſecond appendent is the Compaſs , which is a 
| Needle touched with a Load-ſtone , and (et in a Box 
: upon the foot of the Horizon , upon the So»th ſide , 
* ſuch another as we ſee in ordinary Pocket-Djals tor 
* the Sun. The uſe of ir here (as in thoſe) is to point out 
the North and South, for the reftification of the Globe, 

as ſhall be more plainly ſaid hereatter, 


— 
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CHAP. VE. 
Of the great Circles upon the Globe , and 


| firſt of the Equator. 
| Bates Meridian and Horizontal circles with- 


; our thie Globe, there ate rwo other circles drawn 
upon the Globe it (clf ,,whieh are common to 
c the Terreſtrial and Celeſtial Globes both, ,the ore 
2 iScalled Equator; or the EquinoQtial circle , this is the 
bY CINCIE 


+ oo, nn 
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circle drawn inthe middle between the two Poles gr, 
Juated throughout, and plainly dividing the ohh 
intorwo equal parts, from North to Somth , this igth 
circle of longitude in the Terreſtrial Globe, thatis, the 
longitude of places, are from ach or (uch a Meridian 
alwayes reckoned in the Equator. | 
Crofling this circle obliquely in the middle is th 
Zodiach,, the utrermoſt exteht whereof towards th: 
North , noteth Gut the Tropick of Cancer ; rowardsthe 
South , the Tropick of Capricorn , each of them diſtant 
from the Equater 23 degrees and a half, or not much 
more, as may be accounted inthe great Meridian. 
Theſe two circles of the Equator and Zodrack are cro(. 
ſc4 by two other great ciccles alſo, which are called 
Co'nres : both which are drawn throngh the Poles 
th- World, and cur the Fqnarer at right angles. The 
one of them paſſing through the interſeCtions of the E, 
quinoCial points , and is called, the Equin:&ial (lu, 
The other paſſing through the points of the greatclt dj 


RE on + 


ſtance of the Zodrack trom the Eqnator , and is theretor: 


called thc So'/*:c:al Colare. 
Parallc] ro the Tropicks and at the ſame diſtance 
from the Poles asthey are from the Equarer, are{c 
down upon the Terreſtrial Globe the eArtick and Amur: 
tick Circles, offering themſelves to fight by their 
names, and diftintion of breadth and colour. bcing re 
preſented by more full lines then ſome other citcl 
equidiſtantly removed from the Equator at 10 degrees 

difference, and may be called the Unnamed Parallels, 
The other great circicspainted yþon the Terrefrid 
Globe are the Meridians : where we muſt not think 
much to hear ot the Meridians again. That of Braſ 
without the Globe, is to ſerve all turns, and the Glohe 
15 framed toapply it ſelf therero. The Meridians upa 
the Globe will cafily be perceived to.be of a new aa 
another uſe. IG FTIET et & | 
They are either the great or the lefle ; notthatti 
2rcar are greater than the leſs, for they have yes 
a 
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and the ſame center, and equally paſs through th 
Poles of the Earth : bur thoſe which are called leſs» 


are of leſs uſe thanthat, which is ca'led the orcat , 
though ir be no greater than the reſt. 

The great is otherwiſe called the'Fixt and Firſt Me- 
ridian, to which the leſs are fecond , and relpeRively 
moveable. The great Meridian is (as it were)the L-»d- 
mark ot the whole Sphere, from whence the longitnde 
of the Earth , or any part thereof is acconnted. And it 
is the onely circle which paſſing through the Poles , is 
graduated or divided into degices ; not the whole cir- 
cle, but rhe one half, becauſe the longitude is to be 
reckoned round about the Earth. T bis great Meridian 
might have been planted in any place, as at Lexd:#, 
Oxford,C ambridg,or any other: bur muſt ot neceſſity be 
ſet in one certain place of the Globe or other, as it is in 
every (ſeveral Globe, though not in the ſame place in 
all. It were indced to be wiſhed, nay, it will hardly be 
well with Geegraphy until it be brought to the Fortanare 
1/ands where the Greek, Geographers placed it at the firſt, 
not promiſcuouſly,burt on one certain [land among the 
ſeven : that of Tener:ff hath by many been thought the 
fitteſt, and Prco de Teide,or El. Pico rhe Peak a mountain 
ſo called from the ſharpneſs of the top, the beſt and 
maſt convenient place th-re. 

The lefler Meridians are thoſe Black circles , which 
you ſee to paſs through the Poles, and (ucceeUing the 


| great at 10 and 10 degrees as in'moſt Glubes; or as in 


ome, ar 15 and 15 degrees diflterence. Every place , 
never (o little more Eaft or Weſt then another, hath a 


$ ſcveral Meridian. Black:wal hath a diſtin} mcridian 
: from St. Pauls, London, becauſe more Eaft. Weſtminſter 


Abbey hath not the ſame, as ncer as it is, for that ic 


$ licth Pf from St. Pauls : Theexatt mcridian where 


of , muſt paſs direAtly through the middle ; yet be-. 


3 cauſe of the huge diſtance of the Earth from 'the Hea 


FT veas, all thele places, and places much turther off* 
$ may bc ſaidto haye the hes meridian, And indced 


there 


(93) ; 
there is no very ſcnſible difference , in leſs than a g.. 
grees difference of lopgirnde , upon which ground the 
Geographers as well as the eAfrronomers allow a new 
meridian to every other degree of the Equator , which 
would be 180 in all, but except the Globes were made 
of an extream and an unuſual Diameter, ſo many 
would ſtand too thick for the Deſcription. Theretore 
moſt commonly they put down but 18,that is,at 10 ge. 
grees diſtance one from the other , the ſpecialuſe of 
the lefler meridians being te make a quicker diſpatch 
inthe account of the longitudes. 
Some others ſet down but 1 24 at 1 5 degr. difference 
. . 1. b 
aiming at this : That the meridians might be diſtant 
one from the other, a tull part of tyme , or an hour + 
for ſecing that the Sun: is carried 15 degrees ot the t- 
uinotial every hour, the mcridians ict at that gi. 
7m muſt makean hour difterence 1n the Riſing or 
Setting of the Sun , tothe ſeveral places, as it the Sun 
Riſe at ſuch an hour , {ucha day ot the year at London; 
Inaplace 15 degrees morediſtant rowards the £aft the 
Sun riſeth an hour ſooner , in a place 1 5 degrees to- 
wards the Wet an hour later, the ſame day ot this, or 
that years 


GRAT FIL 


Of the diſtribution of the Earth, by Zones, 
Clmes, and Parallels. 
T*: Globe of the Earth hath ancjently been di- 


vided or. diſtinguiſhed into parts , three 
Waycs, viz, by Zones, Climes , and Parallels. 
By Zones or Girdles, it hatn' been divided by 

the four leſſer circles into 5 parts. | 
. The firſt Zoxe is that part of the Teyre ftrial Globe, 
which is comprehended between the Tr icks; inthe 
muidulc where of is drawn the EquinoRial circle, 


The 


s 
®» 
So 
” 
» 
ad 
x 
* 
E'% 
z k 
: 


(99) 

The-ſecond between the Tropick of Caxcey and the 
the Art:ch Orrcle, 

The third berween the Tropick of Capricornm and 
the Ant artick Circle, 

The fourth ts included in the eArt#ich Circle in the 
North. 

The fifth in the eAmtartick Circle in the S-wth. 

By the ſuppoſed temperature of theſe Zones, the 
frſt, or that which is comprehended between the Tro- 
picks, the Ancients called the 79or-id Zan: and not to 
bc habitable by reaſon of heat. Thoſe towards either 
Pole, they called the Frigrd Zoves, and not habitable 


| byreaſon of cold : But thoſe comprehended betwzen 


| the Tropicks and the Artich and Antartich Cereles, 


> they call Temperate: but experience bath now taughr 


* us to know that there are inhabitants as well in the 


Frigid and Torrid Zones, as 1n theſe that are more tem- 
perate. 


The Ancients did alfo diſtinguiſh the inhabitants 


! ofthe Zones. from the diverſity of ſhalowes of bodies 
| into three ſorts, viz. Periſcii, Heteroſcii, and Amphiſcii. 


The Inhabirants of the Frigid Zones (if any ſuch 
were) they are termed Periſcii ; becauſe the ſhadowes 
of bodies have there a circular motion,in 24 hours;the 
Sun neirher riſing nor ſetting but in a greater portion 


: ofrime. 


The Inhabitants of the Temperate Zones they cal- 


* led Heteroſcti, becauſe the meridian ſhadowes in one 


part of the world bend toward cither Pole ; towards 


+ the North among thoſe which dwell within the Tro- 
* pickof Cancer and Antirk Circle, toward the South a- 


4 
4 
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| mong thoſe which live within the Tropick of Capri» 


corn and Antarnick Circle. 

The Inhabitants of the Torrid Zone, between the 
Tropicks, they called Amphiſsii, becauſe the meri- 
dian ſhadow according to the time of the year , doth 
ſometimes fall towards the North, {ogictimes towards 
the Sowh, when the __ in Northern igoct, it 

2 allc 
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ealleth towards the Senth, and towards the North when 
(1 Southern. ; 

And becauſe of the different fite of oppofite habitz- 
tion , the Ancients have divided the Inhabitants def 
the Farth into Periect, eAnteci,and A ntipodes, © que 

The Perieci are thoſe that live under the ſame me. {M31 
ridian, andthe ſam? parallel alſo, being equally di- 2" 
fant from the £94aio- ; but in two oppoſite pointsof {W"1? 
the ſame otalles 

The Anteci are ſuch as have the ſame meridian, 
but live in divers parallels, yer equally diſtant from 
the Equater, though in divers parts. 

The A ntipodes are ſuch as inbabite under one meri- Þ 
dian but uader twodivers parallels, which are cqually I 0 
diſtant from the Equaror,and in oppolite points of the | 
ſame,or {uch as inhabite two places of the Earth,which 
are Diametrically oppolite, 

The ſecond and third wayes by which che Anciens IF 
did divide the Globe of the Earth into parts, viz.Clme 
and Parallels, are moſt what but one , differing not (6 
much in nature as in quantity, ( 

A (limate they define to be a ſpace of Earth compre- Þ þ 
hended betwixt any two places , whoſe longeſt day I: ir 
difler in quantity half an hour. 'h 

A Parallel they define tobe a ſpace of the Earth Wh 
comprehended between any two places , whoſe lon- 't 
geſt day difter in quantity . but a quarter of an hour, Þ.h 
{o that every (limare conteinerh two parallels. Theſe 1d 
Climares and Paragels, though they have equal difte- 
rence , inreſpeCt of the dayes length , yet are they not Þ- C 
equal in reſpect of the quantity ot the Earth or Globe IC 
that conſtiruces the Cl/1me or Parallel. 'Y 

The firſt Clime, asallothe Parallel, beginning from I #1 
the Equator, 1s larger than the ſecond, and the ſecond Þ | 

is likewiſe greater than the third, Herein onely they | 

all agree » that Bey differ equally, in the quantity of Þþ 3 

the longeſt day, The Ancicats reckoned but (cyen Þþ.! 

Clmatezat the firſt, to which number were afterwuil | 

add 
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added two more ; fo that in the firſt of theſe numbers 
were comprehended 14 parallels, but in the Jatter 18. 

[n the meridian of ſome material Globes, there arc 
deſcribed 9 parallels , diftering from each other by the 
Fquantity of halt an hour; aftertheſe there are others 


$:Iſo ſet according to the difference of an whole hour , 
$:nd laſt of all,thoſe that difter a whole moneth are con- 
®:inued to the very Pole, cach of them expreſſed in their 
© (cveral latirudes. 
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* 0f the Geographical Deſcription of the 


: 


; 


. 
# 


| 
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Terreſtrial Globe. 


Earth is both by the Ancient and Modern 
Wricers deſcribed by circles: we will now 
five you another ſhort Deſcription of ir, by 
ſuch lines as are real and natural, the former being 
bat imaginary; and ſerve onely to inform the fancy; 
inthe tormer Logon of this Globe by circles, we 
have conſidered the Earth and Water both together , 
becauſe they both make but one Globe : bur now we 
ſhall conſider them a part : and firſt, the Earth or Land 


| Hin we have ſhewed how the Globe of the 


> hath tor many years paſt been Geographically divi- 


ded into 4 parts, Emrope, «Aſie, eAfrica & America, 
Exrope is bounded on the North with the Northern 


> Ocean , and onthe South with the Hediterranean Sea ; 
!On the Eaſt with the Flond Tana, and on the wt 
*with the Weſtern Ocean , and doth contcin theſe Pro- 
{vinces. 
Germany JC Denmark, "JC Polonia , Englad 
Italy Norway Hungaria' Scotland 
* France Swedeland( YSclavonia ( Ireland 
| | Spain Y'. Moſcovia Y_ Grecia 


Sicilia 
Candi, 
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C andia,Corfica, Sardigna, Nigropent are the chief and prin- 
cipal Hlands belonging to it. ; 

«Aſia is bounded on the North with the North Ocea, 
on the South with the Red Sea, and the Guilt adjoyning 
on the Eaſt with the Eaſt-Indiax Ocean, and onthe 
weſt with the Floud Tana , whoſe principal Region 
arc. 


Anatolia NHMedia P arthia 

Syria Aſſyria T artaria 
Paleſtina Meſopotamia China 

Armenia Chaldea [udia,and the 
Arabia Perſia Ilands thereof. 


Africa is bounded on the Eaſt with the Red Sex, v1 
the weſt with the Atlentick Ocean, on the South withh: 
Southern Oceas , and on the North with the Meditere 
nuean Sea. 

'The Provinces are, Egypt, Barbaria, E thiopia y Nubis 
Abaſmus, Alonomoepa. 

The Illands, Madagaſcar,or St. Lanrence, St. Thema, 
Inſula ds Cape Verde, Inſula de Canaria, & de M11inea. 

eAwericsby later obſervations is found tobe boun- 
ded on the Eaf with the Atlantick Ocean, on the #t 
with the WeiF- Indian Ocean, on the North with the 
Northern 9ceau,, and on the South with the Mazele 
1%, Seaxconfiſting of two parts , viz. Mexican, anlWÞ 
Peruang. t 

The Provinces of Mexicans are, Nova Hiſpari 0 
Terra Florida, Nova Albion , California , Norumbezs, WF 
Novs Francia, Eftoriland, 

The Provinces of Peruana ate Braſilia, Tiſnada,Ct 
ribana, Cata«gena, Porn, Charas, (bila, Chica, Palagon't 


The chict Ilands of Mexicana, arc: Green-landl {ns 
Fri-fl.ind. 


[I ke chief Ilands of Perugna, arc: Hiſpanics, (48 3 


Hm mmltne alins in Indig Oces, Inſuls Margarit 4. Moni 
Inſula Remwees, Fave Major, Java Miner , Seen 
Inſ#la, And the other Hands in India Oriemtalin mo 


(103) | 

He that defires a more ample deſcription of the 
erreſtrial Globe Geographically , may confulr 
Nr. Heyliw Geography , this we deem ſufficient for 
ur preſent purpoſe , which isto inform the Reader in 
what part of the Globe to ſeck the quarter of the 
Vorld he looketh for ; and yet betore we break off 
his diſcourſe , it will not be amiſs, tro ſet down the 
roportion which the circumference of the Earth hath 
n os Heavens, and although this perhaps is not as 
et certainly known, yet here to inſert the (ſeveral 
opinions of the Ancients will rather perplex the Rea- 

ger with doubts, than prove the truth of the thing , we 

« Wſhallrherefore content our ſelves with that proportion 
- Which a Country-man of our own, viz. Mr. Richard 
+ Norwood bath not many years ſince (cet down from his 
pwn experience in his Seamans Prattice, which is, that 

« Wonc degree iti the Heavens is anſwerableto 3672co of 
pur Engl teer, but for the rotundity of the number, 

« Wand being willing to account ſomething too little, ra- 
ther than any thing too much(becaulc in Sea Voyages 

1 Wor which chicfly he took this paines, it is betrer to fall 
# {omewhat ſhort of deſiring Port, than to out run it) 
i Wh accounnterh bur 360,0c0 Englyh teer unto a degree, 
land this he divideth by co, the number of minutes 
n{ {Þſually accounted in a degree or hour , then the quo- 
ent giveth 60 miles, for rhe quantity of a degree 
{gvcry mile conteining 60.00 feet: the like exaCtneſs 
4, {Fill be found in allowing 100 minutes or parts to a 
gree or hour, making in each mile 36co feet, and 

( = Art ot Navigation will be ſomewhat more 

;, © Kady. | 

a+ We come now to the deſcription of the Watery part 
this Globe,or rather the deſcription of the Mariners 
4,8 $ourle upon the Waters, which is to ſhew the way of a 
lf $1Þ> upon the Sea, and this dependeth upon the winds, 
8 $2 Deſignation of theſe , upon a certain knowledg of 
wc principal which confidering the firuation and con- 
Wition of the whote Sphere;ought in nature tobe North 
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or Seth. The North to us upon this fide of thelin, 
the South to thoſe in the other Hemiſphere, forj 
making thisobſervation, men were to 1ntend then. 
ſelves rowards one fixcd part of the Heavens, or other 
and therefore to the one of theſe. In the Sth gar 
chere is not found any Star ſo notable, and ot ſoney 
4 diſtant from the Pole, as to make any preciſe or frm 
dire&ion of that wind. Bur in the North we havethy 
of the ſecond magnitude in the Tail of the lefler Bexr 
making {0 ſmaſl and for the motion ſo inſenſible 
circle about the Pole, that it cometh all to one as if; 
were the Pole it ſelf. | 

This pointed out the North wind to the Mariners 
old «ſpecially , and was therefore called by ſometh 
Load or Lead-ſtar, but this could be onely inthe night 
ard not alwayes then. 

It is now more conſtantly and ſurely ſhewcd by th 
Needle touched with the Magnet, which is therefor 
called the Lead or "pam eg the ſame reaſon ofthe 
leading and dircCting their courſes, 

The Northand South winds thus aſſured by the my 
tion cither of Dire&ion or Variation of the Needle, 
the Mariner (uppoſeth his ſhip to be (as it alwayesis 
upon ſome Horizon or other , the Center whereot i; 
that of the ſhip. 

The line of Nerth & South, found out by the Needl: 
a line croſſing this at right angles ſhcwerh the £4; 
and weſt , and ſo they have the four Cardinal wind, 
Croſle again cach of theſe lines , an4 they havethe 
eight whole winds, another diviſion of theſe maketh 
eight more,which they call half winds, a third make 
{ixteen, which they call the quarter windes: ſorhey 
arc32inall. 

The Compals therefore is an Horizontal Diviſion 
of the 32 winds , upon a round piece of paſtboard(z 
in a box, in the Center whereof upon a pin, th 
Needle or Wyers firſt toucheth with the Stone ar 
placed, Theſe Compaſlcs ate repreſented as they my 
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upon the Globe, by thoſe Circles which you ſee di- 
vided into 32 parts , with their Fleny de Lis, alwayes 
pointing to the North. And though the winds are 
not {er down by their names, yet they may b» fetched 
from the Horizon without the Glohe. And the Rumbs 
are drawa out at length circularly, if the courſe be 
upon a Meridian, Equatey , or other parallel, other- 
wiſe they are Heliſpherical lines, as they call them, 
that is, partly Circalar , and partly Helical, or Spiral, 
as yo! may diſcerne them to be deſcribed upon the 
Globle. 
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CHAP. LA 


Of the Circles which are proper unto the 
Ccoleſtial Globe. 


| the Caleſtial and Terreſtrial Globcs,the Meri- 


dian, Horizon, Zquator, Zodiack or Ecliptick 
rather, and the hour-circle are common : but the 
lefler Meridians which are deſcribed upon the 
Globe it ſelf npon the Poles of the Equator , and ſerve 
ro number the longitude of places by, are proper onely 
tothe Globe of the Earth; and inficad of theſe upon the 
Globe Caleſtial, there are deſcribed 12 Scmicircles, 
from one Pole of the Zodiack unto the other, and 
paſſing throvgh the beginning of the 12 Signes,and doc 
make {ix great Circles. | 
The firit paſieth the head of 447re;, and beginning 
of Lrbra. The ſecond through the head of Tam, and 
the beginning of Scorpio: the reſt in like maiiner doe 
follow in 'order , dividing the ſurface of the 
Globe into 12 equal parts, which are wideſt in the 
Ecliptick, and leflen themſelvesby little and little as 
they approach towards the Poles of the Zodiack , and 
at length doe wholy terminate therein, as theleſſer 
meridians 
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meridians in the Terreſtrial Globe doe. in the Poles 
the Equator , and ſerve to number the Jongirude 
the Stars by, alwayes reckoned trom the beginning g 
Arr, | 

] he entire ſuperhcies ot any one of thelc parts, de. 
rives his name from the Signe, comprehended jn the 
Ecliptick between cach Semicircle; thus the Superg. 
cies lying between the two Semicircles drawn through 
the beginning of Aries and T aur #4 comprehending the 
Sign of Arzes in the Ecliptick, is allo called the ſign 
of Aries: and all the Stars ani Planets, an other 
points of Heaven hetween theſe two Semicircles on 
both ſides ot the Ecliptick tothe Poles, are ſaid to be in 
Aries, and {o of the reſt. 

The Regions of the Earth in -the Terreſtrial 
Globe arc oſaced according to their longitude, by the 
degrees of the Equator , and according to their lati- 
rude by the degrees of the Meridians from the Equator 
to the Poles thereof : So in like manner are the Stare 
piaced in the Celeſtial Globe in their ,proper longi- 
tude, according to the degrees of the Ecliptick, and 
latitude according to the degrees of the. circles of lon- 
gitude from the Ecliptick rowards it Poles : this lati- 
tude of the Stars is twofold North and South, North in 
thoſe Stars which goe from the Ecliptick towards the 
wake Pole, Soxrh in thoſe which incline to the South 

ole, 


DO ———————_— HE ma — — 


CHAS F 
Of the difference and denomination of the 
Stars. 


* He whole number of Stars hath been divided, 
| by the Ancient Aſtronomers, who firſt applied 
> themſelves tothe diligent obferving of them. 
_ [.lntotwo kinds. The firſt is of the Planets, or 
wandring Stars: the other of the fixed. The uy .: 
whic 
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which they therefore called Planets or Wanderers, be- 
cauſe they obſerve no conſtant diſtance or ſituar'on 
neicher in reſpe& of each other , nor in reſpe& ot 
thoſe that are called fixed Stars. And theſe wore (0 
called , becauſe they were obſcrved alwayes to kerp 
the ſame ſituation and diſtance from one atotner. 


The Planets are in number ſeven, Satarn, Fapiter, 
Mars, Sol, Vents, Mercury, Luna , all which beltdes the 
Diurnal motion, by which they are carried abour 
irom Eaſt troWeft, by the Rapture of the firſt move- 
able, have alſo a tree proper motion of thcir own : 
which they finiſh from Weſt to Eaſt, according to the 
ſucceſſion of the Signs upon the Poles of the Zodiack, 
cach of them in a ſeveral manner and ſpace of time : 
but becauſe theſe are not expreſſed upon the Globe , 
we ſhall for a farther knowledge of theſe refer the 
Reader to our Treatiſc of 1/froxomy , and proceed to 
thoſe which are called fixed Stars. 


And of theſe the Ancients have leſt in their writings 
the number of one thouſand twenty and two Stars , 
obſerved by them, in the Northern and Southern He- 
miſpheres of Heaven : and that they might be the ber- 
ter diſcerned from one another, they have reduced 
them into fourty and eight Images or Conſtellations, 
diſtinguiſhing the Stars 1n every Conſtellation by ſc- 
veral and diſtin names, the names of the Conſtella- 


tions and number of Stars in cach of them, arc as 
tolloweths. 


The Zodiacal Conſtellations are 12,ViIz. 


Aries I4| Cancer 9 Libra $ | Capricorn 2F 
Taurus 22\ Leo 27 | Scorpio 21 | Aquarims 4 
Gemini 18\|Virgo 261 Sagittarim 31 | Piſces 34 


O 2 The 


The Northern Conſtellations are 21, viz, 


Urſa Mimr 7 | Lyra IO | Sdpitts 
Urſa Major 127, Avis 17| Aquila | 
Draco 31 Caſſispeia 13 | Delphinus 7 
Cephers 11| Perſens 26 | Equiſeitio 4 
Arttophilax 211 Heniocus 141 Pegaſns xc 


Corona Borealis 9 | Serpentarins 24 | Andromeda 
Engonaſus. 29 | Serpens 18 { Triangutn 4 


7 be Seuthern Cor: flelſations are 15, viz, 


Cet us 221 Pr: cyon 2 ( entany:t 37 
Orion 38} Argo 41 | Fera 19 
Eridants 34 ' Hyara 251 Ara 07 
Ln pus 12; Crater 7 | Coroxa Anſt. 1: 
Canis Major 18. Coruns 7 | Piſces Auſt, 1 


As for the particular Namies of the fixed Stars ir 
each of thefe Conſtellations, we refer .you to Mr. 
Fefters Catalogue, late Profeſſor of Aſtronomy in 
Greſham Colle , London , in which you will allo ind 
their true longitude and latitude, as they oughttobe 
«now deſcribed upon the Globe it ſelt. 


: 
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CHAT TH 
Of the diftintions aud affedions of Sphe 
' _ rical lines or arches. 
' "WU Itherto we have ſpoken of the Globe it (elf, 
H BR with irs dimenſions, 'circles, 8& other 
n 


ruments necefirily belongving thereutito. 


: It. xemainerh now that we 
Vile of it, and declare its ſeycral uſes: 


c to the Pra- 
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And the uſes of the Globe, as topraQiſe, are either 
ach as concern the Heavens or the Earth, in cither 
of which , if we ſhould deſcend unto particulars, the 
nſes would he more in number, than aſhorrt Treatiſe 
will contein : ſeeing therefore that all Problemes 
which concern the Glob2, may beb-ſ, and moſt ac- 
curately reſolved by the Dottrine of Spherical Trian- 
's, we Will contratt thoſe uſes of the Globe , which 
otherwiſe might prove infinite, toſuch Problems as 
tome within the compaſs of the 25 Caſes of Right and 
blique angled Spherical Triangles. 

And that the aarure of Spherical Triangles may bc 
the better underſ{to0d,and by wich of the 28 Caſes the 
particular problems may be belt reſolved. 

1 Firſt, we will ſet down and that briefly, ſome 
encral Definitions and afleftions which doe belongs to 
uch lines or arches of which the Triangle miſt be 

formed. 

2 We-vill deſcribe the Kinds, parts, and affe&ions of 
thoſe Triangles , and how the things given & inquire-1 
inthem , may generally be repreſented , and reſolved 

:11p9n and by the Globe: with the number of ſeveral 
Problems , that every Single, Right, and Oblique an- 
vlcd Spherical Triangle will afford. 
' 3} We will cxhibite a Catalogue of the moſt gene- 
ral and uſeful things which are inquired for , both in 
Aſtronomy and N avigation , and ſhew the {everal Wayes 
by which they arc, or may bc found. 


Firſt, then of the Definitions and affett ions of thoſe lines 
or wrehes of which the Triangle muſt be formed, 


- 1 A Spherical Triangle is a figure conſiſting of three 
arches of the orcateſt circles upon the ſuperhcies of a 
yorry or Globe , every one being leſs-than'a Semi- 
circle. 

| 2 Agoteatcitcte is that which divideth the Sphere , 

$2 Globe Tito two equal parts, and thusthe Horizon, 

= Equator z Zodiack , and Meridians before deſcribed , 


3 are 
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are all of them great circies: and of theſe circles v 
any other , there mult be three arches to makea Tj, 
angle, and cvery one of theſe arches (everally mi 
L- Icſs than a Semicircle : for if in the Triangle ARC 
(comp9 ed of the arches A B the height of the Py 
above the Horizon, A C an arch of the great, 
dian, and B Canarch of the Horizon ) you produc 
the fides A Band B Ce Hall they meet in the point H 
rhearches BAHand B CH are cach of them a Semi. 
circle; theone, to wit, B AH tcing the halfolthe 
Brazen Meridian, and the other, viz, BCH being 
the halt of the wooden Horizon , and therefore the 
arch BA or BC, is leſs than a Semicircle, Inlike 
manaer, it the ſides A Band A C be produced, the 
de A C may be alſo provedto be leſs thana Semi 
circle. 

3 The Spherical or Circular lines , are cithcr para} 
Icl or angular. 

4 Parallel arches or circles, are ſuch as are dra 


Fig. 3. chi 
SE: 3* upon the ſame center within , without, or equalt 


another arch or circle ; thus the circles BFC an 
DC E are (though leſler circles) parallel to the Hori 
z0'?, and the Horizon isa circle parallel to theſe Al 
micanters or circles of altitude ; and thee circk 
being drawn between the EquinoCtial andthePols 
areparallels of latitude , and the EquinoGQtial itſelti 
that poſition is a circle parallel to the Horizon, otte 
ther they doe both make bur one circle. 

5 A Spherical angle, is that which is conteinedly 
two arches of the greateft circles upon the ſuperfcis 
of the Globe interſe&ting one another : angles matt 
by the interſetion of two little circles , or of a littt 
circle with a great,we take no notice of in the Dottrin 
of Spherical Triangles, 

6 A Spherical angle iscither Right or Oblique. 

7 A Spherical Right angle, is that which is- 
teined , by two arches of chic orcateſt circles in tt 
luperficies of the Sphere cutting one another at gs 
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ngles, that is, the one being Right or perpondicy. 
+ ont & other; thus the braſs Rs en. in 
Jorizon at Right angles, and thus the Meridiang: 
rawn upon the Globe as well as the Braſs Meridian 
ocall of them cut the Equator at Right angles, and 
hus alſo the Quadrant of altitude being faxed in the 
-nith, doth cut the Horizon at Right angles, 
$ An Oblique Spherical anglezis that which is cof\- 
ined by rwo arches ofthe greateſt circles in the ſu- 
rficies of the Sphere, not being right or perpendicu- 
xr to one another. 
9 An Oblique Spherical angleis cither Obtnſe or 
cute. 
10 An Obtaſe Spherical angle, is that which is 
reater than a Right angle. 
E i1 An Acute, is that which is lefſerthan a right. 
E 12 If rwoot the greateſt circles of the Sphere ſhall 
aſs through each others Poles, thoſe two great cir- 
tles ſhall cut one another at right angles: thus the 
azen Mcridian doth interſect the EquinoRial and 
Or1zON. 
13 Ifrwo of the greateſt circles of the Sphere ſhall Fig. 1 
terſe& one ancther. andpaſs through each others ©" * 
oles, they ſhall inter(e& one another. at uncqual or 
lique angles , the angle upon the one {ide of the in- 
ſetion being obtuſe , or more than a right and the 
izle upon the other fide of the interſeCtion bein 
Scute or leſs than a Right. Thus the arch A 
Sth interſc& the braſs Meridian and the Ho- 
$:on, but not in the Poles of cither, therefore the 
anzlcH A C upon one fide of the interſce&ion of that 
m o with the Meridian is more than a Right angle , 
nd the angle C A B upon the other ſide of the inter- 
ion is le{s : and ſo likewiſe the angie A C H, upon 
teone fide of the interſeftion of the arch AC with 
@c Horizon H B is greater than a Right angle, and 
@cangle A © Bupon the other fade ot the interle&ion 


leſs, 
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14 A Spherical ao is meaſured by thearch of 

great circle deſcribed from the angular point betweey 

the ſides of the angle, thoſe ſides being continu 
unto Quadrants ; thus the arch ofthe Horizon HP; 
the mcaſure of the angle H Z P at the Zenichzthe fide 

HZ an4lP Z beivg Quadraats, 

15 The complement of a Spherical arch or angle i 
{F much as it wanteth of a Quadrant, if the arch: 
angle given be leſs than a Quadrant, or ſo much asit 
wanteth of a Semicircle, if ic be more than a Quz 
drant, a 

16 Anarch of a great circie cutting the arch of an. F 
other great circle, ſhall interſe& one another at Righ: 
angles, or make twoangles, which being taken to-Ml )! 
gether , ſhall be equal unto two Right: thus the Qua © 
drant of altitude being fixt in the Zenith as in the fro 
Scheme doth cur the Horizon at Right avgles, buſh ® 
the arch A C in the Triangle A B C of the ſand 
Scheme , doth cut the Horizon at oblique angles Ml * 
making the one more, the other leſs than a Right anW * 
gle, and both together equal ro a Semicircle. a 

Now from theſe general Definitions proper off ® 
Spherical lines or arches , the gencral afe&ions off 
theſe arches may eaſily be diſcerned . I mean theya 
rious poſitions of the Globe of the Earth inreſye MW ®? 
of all the ſingular Inhabitants thereof, wh'c!: is threeW'®' 
fold: *I ſay that the whole body of the Sphere oy 
Globes in reſpe& of the Horizon , 1s looketh upon of 
by the Tnhabitants of the Earth, under a triple con... 
— wm viz,» cither of a Paralel, a Right, or an Obliqs : 

cre. 

. A Parallel Sphere is , when one Pole of the World\M'" 
clevated above the Horizon to the Zenith , the oth"! 
depreflcd as low as the Nadir, and the Equinotu 
line joyncd with the Horizon ; and they which thaMW®! 
17habice (il any ſuch be) ſee not the Sun or other uf" 
rifing orfetting, or higher or lower in their dium 


revolution; as may be perceiyed -, by — - 
Cl 
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Globe with the brazen Meridian , ſo that one of the 
Poles may be in the Zenith, diſtant from the ilori- 
\- WM :0n go deg. the other inthe Nadir, and the Equino- 
aal line in the Horizon. 

And {ceing that the Sun traverſeth the whole Zo- 
lack in a year; and that half,the Zodiack is above the 


"WE Horizon and half under it, ir cometh topaſs, that the 

x: $un ſetter not with them, for the ſpace of ſix mn: hs, 

s nor 9iverh them any light forthe ſpace of other 1ix 
moneths, and ſo maketh but one day and tight, otthe 
whole year. 

N- . . ! ( 

1. A Right Sphere is , when both the Poles of the 


WW \Vorl1 do lic in the Horizon, and the EquinoRtial 
circle is at his greateſt diſtance trom ir,paſſing through 
the Zenith , of the place, And in rhis poſition 
of the Sphere , all the Cceleſtial Bodies , Sun, 
Moon, Planets , and fixed Stars , by the daily turning 
about of the Heaven , do dire&ly alccrd above, and 
alſo directly deſcend below the Horizon , becauſe the 
circles which they may in their 6ri{t or daily motion do 
cut the Horizon perpendicularly and. as it were at 
Wl Right angles, 
a nthis poſition alſo , all the Stars may be obſcrved 
t riſe and ſet in an equal ſpace of time, andto con- 
MW (inu2 as long above the Horizon, as they 45 nnver ity 
theday and night to thoſe Inhabitants, being alwaycs 
80 an cqual lcoth, | 

By the Oblique Sphere is underſtood ſuch acon- 
ſtitution of the Heaven in which the Axis of the world 
(being neither dire& nor parallel tothe Horizon) is 
inclined obliquely rowards both {ides of the Ho 
rizon , as in the ſecond Figure , by which you 
may ſee that this poſition of Sphere 1s ſhewed by the 
Globe , when the Axis doth not lic in the Horizon , 
not yer dire&tly elevated , bur declining obliquely 
North or Seath towards the Horizon, whence it come» 
«h to paſs, that. ſo much as one of the Poles is cle- 


vated above the Horizon , upon the one ſide; ſo much 
Pp 1s 
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is the other depreſſed, under the the Horizon uponth; 
other (ide. 

And in this poſition of the Sphere , the dayes xr; 
ſometimes longer than the nights, ſometimes ſhorte; 
and ſoractimes of equal length : when the Sun igj 
either of the Equinoctial points, the dayes and nights 
are cqual , bur when he declineth from the Equator, 
towards the cleyatcd Pole, the dayes arc obſerved t; 
increaſe ; and when he declineth from the Equaty, 
towards the oppoſite Pole or the Pole deprefled, the 
dayes do decreaſe, as is maniteſt as well by the Figur, 
2;the Globe it ſelf, tor when the Sun riſethat C, th 
lineM C is the ſemidiurnal arch of the longeſt gay. 
when he riſcth at D, the dayecs and nights are of equa! 
length, and when he riſcth at, P,the dayes arc ſhorteſ 
ia tholc places ot the world ia which the Pole is thus 
much eleyatcd above the Horizon as the arch A Bin 
the Scheme. 
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CHAT. Aib 


Of the kinds and parts of Spherical Tri 
angles with tbe ſolution of them. 


. JW Aving ſhewed what a Spherical Triangles, 
and of what circles it is compoſed, with the 
\ F gcncral afteRions of ſuch lines : we will noy 


ew how many feveral forts of Trizngle 
there are, of what circular parts they do conlift , and 
ſuch afte&ions proper - to them as will cender the folu- 
tian of them more clear and certain. 
» Spherical Triangles are either Right or Oblique 
z A Right angled Spherical Triangle is that whit 
one or more _ angles. 


Fig. 1, 2 A Spherical Triangle which hath threeRigh 
anglcy, hath alwayes his three fides Quadrants. As 
Wu 
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the ZDH,theangles HZD, ZD H and 
ZH D areRy$he angles, and the three fides Z H,Z D 
and H D aryQuadrants. | 

+ 4 A Triangle that hath two Right angles, hat: 


the ſtdes oppoſite to thoſe angles Quadrants, and the 
third fide 1s the meaſure of the third angte. Asthe 
lideZH an1ZP, in the Triangle ZH P arc Qua- 
drants, and cut the Horizon at Right angles in the 
points H and Þ - and the arch HP isthe meaſure ot 
the angle HZP, ſo that of thoſe Triangles which 
have more than one Right angle, there {eldom ari- 
ſeth any Queſtion. But che Right angled Triangle, 
which hath one Right and two acute angles , is thrar 
which comerh moſt commonly to be reſolved, 


5 Thelegsof a Right angled Spherical Triangle are Fig. 1, 


of the ſame afteAtion with their oppoſite angles. 

Thus he ſide Z B in the Triangle. Z DB is 
2 Quadrant, and therefore the angle at D is a 

vadrant alſo, becauſe Z. is the-pole of the arch 
DB, and Z D perpendicular thereunto ; and in 
the Triangle B D & the fide B & being more than a 
Quadrant the angle BD & is more than a Quadrant 
alſo, it being more than the Right angle, Z D B, and 
inthe Right angled Spherical Triangle A DB the {ide 
AB being leſs than a Quadrant, the angle A D B is 
alſo leſs than a Qnadrant , it being leſs than the Right 
angle Z D B. co 

6 An Oblique angled Spherical Triangle, is cicher 
acute or obtuſe. | 

7 An acute angled Spherical Triangle hath all its 
angles acute. 

8 An Obtuſe angled Spherical Triangle hath all its 
angles either obtuſe or mixt, viz. acute and obtuſe. 

9 In any Spherical Triangle whoſe angles are all 
acute, each ſide is leſs than a Quadrant. 

10 The fides of a Spherical Triangle may be turned 


into angles, and the angles into fides, the comple- 
2 ments 


Fig. 5. 
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ments of the greateſt ſide or greateſt angle to a ſem;. 
circle , being taken in each converſion, 

Let A Þ C be a Spberical Triangle, obtuſe angleq, 
A.letK Lbethe meaſure of the angle at B, & M3 th, 
meaſure of the angle at C, and N Hrhe meaſure 
the angle H A N which is the complement of the . 
tuſe angle C A B being the greareſt angle in the give, 
Triangle, K Lisequal tothe arch F D, becauſe LF 
and K D are Quadrants , and their common comyle. 
ment is K F. 

$:condly, M G is equalto DE becauſe M D an4GE 
ate Quadrants , and G D their COMMON comple. 
ment. 

7 1.i-4';, N His equal to D E, becauſe N DandHE 
are Quairants and HD their common complement, 
the fides rherefore of the Triangle F D E arc equal, 
the angles of the triangle A B Ce 

Again, G H is the meaſure of the angle at E ang 
cqualto C A&MK is the meaſure of M DK &equil 
twoCB,a341LN isthe meaſure of Fand equalto AB, 
and therctorethe angles of the triangle E DF areequ 
to the lides of the ertangle ABC as was to be proved, 

11 In Rightavgledſpherical triangies the {ides ins 
cludingthe Rightangle we call the legszthe {ide ſubten. 
ding it, the t:ypotenuſa. 

12 In oblique angled trianglcs, the fides comyre- 
hending the angle given or ſought . we call thelegs x; 
before, and the third fide we call the baſe. 

13 Inevery ſpherical triangle ( beftdesthe Area 
fpace contcined ) there are. fix conteining parts, vs. 
three {1des,and three angles, and of theſe 11x there muſt 
bealwaycs three given, t&hnd the reſt. 

14 Ia Right angled ſphexical triangles , thereare 
but five_of the {ix parts , Which COgme 141 q neſtion ; 
the three {1des andtwoacute angles £ becauſe the third 
being right, isalwayes known , of theſe five patts al} 
two being given the reſt may be foung, 
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15 InRight angled yy triangles, there are 
16 Caſes or Problems, {1x for finding the legs, four 
for the hypotenuſa, and fix for the angles: bur here we 
may reduce them to five , becauſe the Globe doth al- 
wayes reſolve two of them at once ; for by two parts 
given you may preſently find two of three parts un- 
known, and by turning the triangle the third alſo. 

16 A right angled ſpherical triangle, may be re- 
preſented upon the Globe in this manncr : Elevate 
one of the Pol:s of the Globe above the Horizon to 
the quantity of one of the given legs, ſo ſhall the di- 
ſtance between the EquinoRial and the Zenith be e- 
qual thereunto, aud at the Zenith faſten the Quadrant 
of altirnade , and number from the braſs Meridian 
upon the Equinoctial the quantiry of the other les , ty 
the extremity whereof move the Quadrant of alti- 
tude, ſo ſhall there be delineated upon the Globe the 
Right angled ſpherical, triangle X Z, Ras may be ſcen 
in hgure-1 . 


PROBLEM 1 


The" l:gs of a Right axgled ſpherical triangle being given, 
to find the reſt. 


JNehe Right angled ſpherical triangls A BC, iet 
there be given the leg AB 
And the leg AC 
And let there be required. 
The Hyporznuſa BC 


The angle 3 "4 L, 


Number one of the given legs A B, from the inter- 
ſeftion of the EquinoCtial with the Meridian at &, to 
the Zenith at Z> and the other leg A C numbzr 
upon the EquinoCtial from & to R, then jaſten the 
Quadrant of' altitude inthe Zenith at and move 
ittoR, then ſhall the arch " L give the mg? - 


Fig. 6. 


Fig, 1: 
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BC, and the arch HP in the Horizon ſhall he 
the meaſure of the angle AKAZR s Or the angle 


BC. 
* rofindthe angle A C B, number the leg AC 
from the interſeion of che EquinoGial with the NMe- 
ridian ar £ tothe Zenith at Z, and the other leg a g, 
upon the EquinoCtial from A to R , then fix the Qua. 
drant of altitude in the Zenith at Z, and moveit toR, 
fo ſhall the arch HP inthe Horizon be the meaſure 
of the angle inthe Zeaita & ZRyor theangle ACB 
inquired. ; 

In this Probleme then three Quellions may be pry- 
pounded and reſolved. 

The legs. AB and A C being given, we may find, 
1 The hypotcouſa BC, 2 Angle, ABC, 3 Ang. ACB, 


PROBLEM 2. 
The H ypotenuſa and one leg given, to find the reſt, 


IN the Right angled ſpherical criangle A B C, |« 
there be given 


he H ſa BC > hs aa 
The Hypotenuſa To find 
The leg ACS " \ ACB 


Number the given leg A C upon the braſſ 
Meridian from the inter{eQion of the EquinoQial 
at & to the Zenith at Z, and there taltcn the 
Quadrant of altitude , upon which from the Ze- 
nith downward , number the hypotenuſa ZR , and 
move the Quadrant of altitude Z P until the paint R 
doth interſe& the Equino&tial & D, fo ſhall &R the 
arch of the EpuinoRial, be the quantity of the leg AB, 
and H P inthe Horizon ſhall be the meaſure of the an- 
gle & ZR equal rothe angle ABC. . 

And to find the angle A BC, number the given leg 
AG in the Equino@tial from Eto R, and the hypotc- 
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mſa Þ C upon the Quadrant of altitude as before , and 
apply the ſame to the point R, inthe Equino&ial 
2nd where the point Z ſhall rouch the Merid ian faſten 
the Quadranr of altitude, then if you elevate the pole 
Auntil A B ſhall be equal to &Z, the point 7 "ry - 
inthe Z=nith, and the arch H Þ inthe Horizon ſhall 
he 7 mza(ure of theangle ZZ R equaltothe angle 
A | 

In this Problem 6 Queſtions may bepropounded 
and reſolved. For 

The Hyporenuſa B C and the 12g A Cheing given, 
may fi1d 5 

1 ThelegAB, 2 Angle ACB, 3 Angle ABC. 

Or, The hypotenufa B C and the leg A Bbeiag gi- 
ven, we may find , 

1 ThelegAC), 2 AngleACB, 3 Angic ABC. 


PROBEM 3. 


The hypotenuſa and angle given, to find the reſt. 


[N the Right angled ſpherical Triangle ABC, let 
there be given 


The hypotenuſa B Gore rndSrh angle ABC 


: AB 
The angle ACB The legsg C 


Number the given angle A C B inthe Horizon from 
HuntoP, and unto P apply the Quadrant of alticude, 
in which having alſo numbred the hypotenuſa B C 
from Z tro R , move the Poles A higher or 
lower, untill the Equator & D, doth inrerfe&t the Qua- 
drantof altitude in the point R, and then faſten the 
Quadrant inthe Zenith , fo ſhall the arch & Z give 
you the quantity of A C,and & R the quantity of A B. 

And to find the angle A B C, you muſt make a mark 
upon the Globe arrhe point R, and another at Z, then 
bring the point R to the Zenith , and theretaſtenthe 
Gn of altizade, which being moyed to the youu 


Fig. E, 
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Z willcut the Horizon at the quantity of the angle 


ABC. * 
Inthis Problem 6 Queſtions alſo may be propoun- fu 


led and reſolved. For, 
"The hypotenuſa BC and the angle ACB being T7 
oiven, we may find, ny 
” 1 Theles AB, 2th:legAC, 3theang. ABC. [ 

Or, the hypotenuſa B Cand the avg. A CB bcing 27 


given, 
I The leg AB / 


We may find 2 Theleg A C 
3 The ang, ACB, 


PROBLEM 4. 


ef leo and an angle given, to find the reſt. 


Fig. 6. 
JN the right angled triangle AB C, let there be gi- 
ven, the leg A B, andthe angle thereunto adjacent 


ABC | 
To find the 4 ®Z PangleACB 
Hypotcnuſa B C 


Fig, 1- Number the given leg A B from the inter{Ctiono! 
the EquinoStiall with the Meridian at Eto Z,, and the 
given ang-A BC inthe Horizon from HtoP, and 
then faſten the Quadrant of altitude inthe Zenith at 
Z, and move it tothe point P inthe Horizon, then 
ſhall &R beequal to theleg A C, and Z R ſhall be c- 
qual tothe hypotenuſa B C. 

And to find the ang. ACB make a mark uponthe 
Globe at Z,and bring the point R to the Zenith,& there 
faſten the quadrant of altitude which being moved 
to the point made upon the Globe,will give in the Hos 
rizon the meaſure of the ang. AC B. | 
Bur it the leg given be A B, and theang. A C Boppo- 
ſire thereunto, to find, 1 The hypotenulſa B C. 


legAC 
[The other 3 angle A BC 


Number 
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Numbee che given leg A B uponthe EquinoRial, 
tom &toR, and the ang. AC Binthe Horizon from 
Yunto Þ, then turn the Globe rill the Q ;arrant of 
tlticude touching Þ and R, will al{ » reach the £-nith, 
and there faſten it , then will Z R be the hyp-renuſa 
BC& & ZchelegA C,& the ang-A B C may be found 
the ang. AC, Þ inthe laſt Example. 

[a this Problem r2 Queſtions may be propounged 
and reſolved , For, 


ARB& ABCQtmaybegivenFBC.2AC,2ACB 
AB&ACBY tofind BC. 2AC. 3 ABC 


AC& AC BTmay bzgivetzi\BC. 2AB, 3ABC 
AC&ABCY to find 2BC. zAB. 3ACB 


PROBLEM 5. 
The oblique angles being given, to find the veſt. 


[* the right angled ſpherical triangle AB C, Jet the F/$+ 6+ 


oblique angles A C Band A B Cbe given, 
Hypotenuſa B C 


AB 
To find the Legs 3 AC 


For the reſolving of this Problem, we muſt look 


. F / Id 
hack to the tenth of this Chapter,were you wrre taught ig. 


toconvert the fides of any Spherical triangle, into 
the angles of another , and the angles of chat Triangle 
into the {ides of the former , and where you may ſee, 
that the fide FD is equal tothe oblique ang. ABC : 
the fide DE is equal tothe oblique az, A CB, and 
7 fide F E is equal to the complement of the angle 

AC. 

Now then if you number the fide D E pon the 
braſs Meridian from rhe Pole A to the Zenithat Z, 
and the ſide F E go, ttpon the great Meridian, upon the 
Globe from A unto R, and the fide F D 11pon the Qua- 
drant of altirude, being faſtened at the Zenith trom Z 

| _ Hs | down- 


L= 
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downwards towards Þ , and moye the Globle andthe 
Quadrant of altitude until the great Meridian doth in- 
terſe it , ſoas that that arch comprehended between 
the great Meridian and the Zenith be equal to the ide 
FD, then ſhall &R bethe meaſure of the ang. R A; 
equal to the fide AC, and the arch HP in the Hoti. 
zon, ſhall be the meaſure of the angle &Z R equalto 
the hypotenuſa B C, andthe angle A R Z being mez- 
ſured, (as hath been ſhewed alrcady) ſhall be caval to 
the fide AB, 

And in this Problem 3 Queſtions may be progoun- 
ded and reſolved : For the oblique angles A C B and 
A BC being given, We may find 1 The Hypotenuſ 
BC, 2 lhclg AB, 3 Theleg AC, 

And therefore in every Right angled Spherical T r:angl: 
there are 30 Queſtions, the which ( a8 hath been ſhewed) maj 
Fe reſolued Y theſe 5 Problems, and are expreſſed intly 


following Table. 


Dat 4 Dueſita 4 | 
Q| Legs | Ang. Legs Ang. | Reſolved | 
F AB: 1C BC |B . CbyProbl.1/ 
[4 B AC | 6 
| 6] BC B . C by Probl. 2 
O01 | AB | cn 
t- ABC ACB 
{6 B C Liz: 4c by Probl. 3. 
(Þ ACB| a 
i ABC 14 C 
eA B þ C: AC l 
ACB AB 
np— |CLoo «YT by Probl. 1. 
ACB AB C 
- eA C BC: AB I 
| ARC ACB 
| WT AFR _.. 
| 3 B : c| Bc | by Prody, 51 
| | a, 


-w 


ES 
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| | 
ETA NC; 
of tbe Solution of the Oblique angled. 
Spherical Triangles. 


Hough the Problems following, are apvlied to 
Oblique angled Spherical triangles oneiy-, 
yet are the Rules general, and may very well 

| ſerve for the ſolution of all Spherical triangles what- 

locyer. 
In oblique angled Spherical triangles there are 12 

Wl Caſes, butin refolving them by the Globethey are 

| WH ceduced unto 6 Problmes. 


An oblique angled ſpherical triangle may be re- 
preſented upon the Globe , in this manner: Number 
one of the given fides from one of the Poles elevated 
above the Horizon to the Zenith : and there faſten the 
Quadrant of altitude, upon which from the Zenith 
downwards , towards the Horizon , number another 
$de, and the third {ide upon the great Meridian, from 
the Poletowards the E.quinottial - then turn the Globe 
till the fide numbred upon the Quadrant df wtirude, 
and the fide numbred upon the great Meridign ſhall 
interſe& each other , ſo ſhall there be deltncatad upon 
the Globe the oblique angled ſpherical triangle;A Z E, 
253 may be (cen in the 1 me. | 


PROBLEM 1. 
The three fides given, to find the angles, 


Nan ot lique angled ſpherical triangle BCD, let pjs. 6, 
deg ve de ECB. CD. and BD, tofindthe - 
angles C, D, and B, ET 


i 
! 
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Fig. 1- Number the fide CD upon the brafs Meridizn. 
from A to the Zenith at Z, the fide BD upon the , 
great Meridfantrom A toE, and the fide CB upoo Wl 
the Quadrant of altitude from Z to E, then ſhallthe Ml © 
arch of the Horizon Þ B be the meaſure of the ang. Ml ” 


AZEcqualta BCD. a 
And the arch inthe Equator &S, ſhall be the me. p 

(ure of the ang. E A Zequalto B D C. 0 
Laſtly,ro Fd the ang. CBD you may number the 


fide B C from A toZ, the fide CDtrom ZtoF, and a 
the fide B D as before, then ſhall the arch ot the Equz- 
tor A. $ be the meaſure of the angle C B D inquired. 

Or thus, make a mark upon the Globe at Z, and 
bring the poinr E ro the Zenith,then ſhbail the quadrar: 
of alticude (being faſtencd in the. Zenith , and laidto 
the laid point upon the Globe) give in the Horizon 
from HuntoP , the meaſure of the angle A EZ, a: 
bctore. 

In this Problem. 3 Queſtions may be propounded 
and refalved, for theithree ſides B C.CD.andDB, 
being given, we may find the angles B CD. CDB, 
and D B C. 


PROBLEM a 


T wa ſides and their conteined angle being piven 
to find the af adit: 


N the oblique angled ſpherical triangle B C D, th WM 
Fig. 6. Iiven fidesareBC.£D. angle BCD. | 


Third fide BD 
other avgles 36s - 


Pig... x,,, Number the fide C D, from A unta 2, upenthe 
brafs Meridian,, bringthe porn Zrothe Zenialy, ani 
there faſten the Quadrant of altitude!,' in-whieh from 

Z downwards towards the Horizon, number the i 


To find the Z 
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CB : thirdly, number che given angls B C D 
inthe Horizon from BuntoP, and thither bring the 
Quadrant of altitude, laſtly, ng the great Meridian 
won the Globe tothe point E inthe Quadrant of alti- 
de, ſoſhall thearch A E be cqual to the fideBD, 
and the arch in the Equator A $, ſhallbe the meaſure 
of the ang. E A Zequaltotheang, C DB, 

In this Problem 9 Qureſtions may be propounged 
and reſolved- 


BC. C.CD B. BD.D 

Let hq CÞD.D.D 66 to find vB. B C.C 

g1iVcn DB, B, BC C.CD.D 
PROBLEM 3. 


Two angles and 4 fide between them being given, 
to find the reſt. 

Iathe Oblique angled ſpherical triangle B C D., 

BCD 

Let there be given 3 angles Ic DB 


Fig, 6, 


fide CD 
To find the ang. B, and the lides) D 


Number the ſide CDfrom 4 unto Z,then bring the F:g.1 
point Z into the Zenith, and there faſten the Fm, 
of altirude : number alſo the ang. CDB, in the E- 
quinodhal frem A unto S , ro which point bringrthe 
great Meridian upon the Globe : kftly nurdber BCD 
upon the Horizon from Bunto P, and bring thither 
the Quadrant of altitude, then ſhall 4 E beequal to 
the fide -B Þ, and & Z. ſhall he equal to the ſide 
BC, And theangle 4 E Zequal to the angle CB D 
may be found , as hath been already ſhewed 1a the firſt 
Problem. 

Inthis Problem 9 queſtions alſo' ray be propoun- 
cd and reſolved, for we 7 have given, kk 

Os 4 » 
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B."BC. C CD.D.D2z 
C. CD. D> tofind < D B. Þ, BC 
D, D B, B B . . 


PROBLEM 4. 


7 wo ſides and an angle oppoſite to one of them being giv 
4 to find the ref, 6 219, 


In the Oblique m__ ro triangle BCD, 


. {ide BD 
, ſides . 2 The in- 

The given angle  þ- a3 angle 5 D 

Number the given {ide CB upon the braſs Meri. 
dian from Aunto Z, bring the point Z into the Zenith, 
and there faften the Quadrant of altitude ,upon which 
number the other ſide CD, from Z to E, andthe 
ang C B D oppolite thereunto in the EquinoQizl 
from unto S , then bring the great Meridian upon 
the Globe to the point S alſo, ſo ſhall the arch 4 E 
be equal to the inquired fide D B, and the arch BP 
in the Horizon the mcaſure of the angle DCB, 
the ang. at E cqual toC B D may be found, ashath 
been ſhewed. 


In this Problem 18 queſtions may be pr 
and reſolved. For we may have —_ propounde 


CD-DB-B BC.C.D 
CD.DB.C BC-B.D 
DB-BC.C CD.D.B 
D3.bc.vt To find 3 C. 8B 


BC.CD.D DB. B.C 
BC:CD.B D 8.D.C 
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PROBLEM $5.' 


Tye angles and 4 ſide oppoſite to one of thems being given, 
to find the reſt, 


In the Oblique angled ſpherical triangle BC D. Fig. 6, 


* CD 
| The given yo ?DIThe inquiredgfdes $5 B 
ſide CB 30/ angle CBD 


Number the given ang. CDB, which is oppoſite F/2. 1. 
to the (ide given upon the Equinottial from Yto S, 
and thither Ting the great Meridian upon the Globe, 
and the other givea angle BCD, number in the 
' Horizon from B unto P+, and the given fide CB, 
number upon the Quadrant of altitnde trom Z to E, 
andthen ſet the beginaing of the Quadrant upon P 
in the Horizon, and let the mark upo!2 it at E, croſs 
the grear Meridian A S : Laſtly , move the Pole 
| of the wor'd higher or lower; till the ſcrew end 
of the Quadrant fall exaftly upon rhe Zenith at Z, 
| which being faſtened there , the arch of the braſs Me- 
ridian 4 Z (hal: be equal to the fide CD and whe arch 
of the great Meridian AE to the fide BD, and che 
angle C B D may be meaſured, as was ſhewed betore, 
[a this Problem 1 8 queſtions may be propounded 
and reſolved: for we may have given, 


C.D.DB £2 CD. CB.B 

C, D+ BC CD.DB.B 
-_ 

D. B. BCR CD.DB.C 

$3 £8 To find BC. DB, C 

B. C.CD2 "BC. BD.D 

B. C. BD BC. c D.D 
PROBLEM 6 


The three angles being given, t0 find the reſt." 
Inthe Oblique angled ſpherical triangle BC D * 
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The given anglesare BCD. CDB and DRC, 
The {1des onpired are CD. DB and BC, 

To reſolve this Problem , as in the 5 Probl. of right 
angled ſpherical triangles, ſo here we muſt convertths 
angles into ſides , and then we find the angles, ax w;; 
ſhewed inthe 1 Prob/. thoſe angles ſhall be the gides 
of the triangle B C D inquired, ; 

In this Problem then three Queſtions may he prg. 
pounded and reſolved: andtherctore in every Oblique 
angled ſpherical triangle there are 60 Queſtions , a; 
may be ſeen in the Table. 


by Probl. 1 
C B, C, D | 


' 


mY 


| BC. CD. DB 3 F 


\ 


EARS. 
by Prebl. 2CB. BC. C 
9 CCD. D 


KR # To & CD.D.DB 
| Co. C De D y Prob. 3-6D B. B. BC 


__— —— -— « 


CD.D-DB 


80 © pat 
DB.S B C 


I _ 


D.DB. B 9 SEEPD 
NE EE a es CEN 

CD.DB.B BC.C.D 
CD.DB.C BC.B.D 
DB.BC. C7 by Proebl.4SCD.D,B 
DB.BC.DE 18 ED.E.B 
BC.CD.D DB.B.C 
BC.CD. B DB. D.C 

C. D. DB CD.CB. B 

C. DP. BC CD.DB.B 


D. B. B C2 by Probl, 5.4CD.DB.C 
' D. B,. CDS 18 BC.DB,C 


B.C. CD BC.DR.D 
B.C.B D BC.CD.D 


—— —_—_ _ _———@CG© 


B. C, D. $7 _ 5 Bc. CD.DB 


{ ——— 
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CHAP. XIV. 


of the Spherical Problems both Aſtrono- 
mical and Geographical. 


E are now arrived at that. which at the fir(t 
\ / was chiefly intended,the ſeveral & diſtinct 
Queſtions , in which rhe uſe of the Globe 
may b-(t appcar : and thoſe are either (uch 
45 concern the Heavens or the Earth and Seas; the 
things reſolveable upon the Globe , which do concern 
the Heavens, we call eAfronemical Prib]:ms, and thoſe 
which concern the Earth and Seas Geographical. 
The Problems Aſftrenomicalare very numerous, the 
moſt uſef1] and neceſlary, are theſe which follow. 
1 To find the longitude of the ſun , with the longi- 
mude and latitude of any ſtar. 
2 Thedeclination of the ſun and any ſtar. 
; 3 Theright aſcenſion of the ſun or any (tar. 
4 The alcenſional dift-rence , with the oblique aſ- 
cerfions and deſcenfions of the ſun or ſtars. 
5 The azimuth or diſtance of the ſun or ſtars, from 
the N. or S. pait of the Horizon. 
6 The amplitude or diſtance of the (un or ſtars , 
from the E or w. points of the Horizon. : 
7 The ſernidiurnal and ſemin»Cturoal arches of 
the (un or ſtars, the time ot their riliag and ſertingzand 
the length of their '1ay and night- : 
$ The hour of theday by thc ſun, or of the night 
by the ſtars. _ 
9 The beginning and ending of twilight. 
1c The alti:ude «<4 the {un or ſtar. gt 
11 The angle of theecliprick with the EquinoQtial, 
: 1 2 Theangic of theſuns meridian with the Lelip- 
t1CK, 
R 
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” 12 The angle of the Fcliptick with the Horizon. 
44 The po, of poſition of the ſun or ſtar, 


The Problems Geographical are chiefly four, 


1 The latitude of any place, or the height of cither 
Pole above the Horizon. 

2 The longitude or diſtance of any place fromthe 
great Meridian. 

2 The diſtance between any two places. 

4 The way) otherwiſe called the Courſe or Rumh 
leading from the one tothe other. 

H-w and how many ſeveral wayes theſe Problems 
nay be reſ{olved upon the Globe, will beſt appear, by 
conſidering the feveraltriangles, io which theſe Pro- 
blems arc comeined if not expreſlely , yet at leaſt yer- 
tually. 

= in the Sphere or Globe there arc eight trian- 
olcs, by the k10wledge whereof moſt Problems (whe. 
ther Aſtronomical or Geographical) may be reſolved. 
and theſe which we have here (et down may be re 
ſolved by them ſeveral waycs. 


Of theſe eight Triangles five are rightangled , which 
here ſhall have their denomination from their 
Hypotenuſacs. 


1 The Ecliptical triangle , whoſe hyporenufa is an 
arch of rhe Ecliptick , his legs are arches of the Equa- 
cr, and Meridian, this is repreſented upon the Globe, 
by the triangle D E Fr, in whichthe five circular parts 
be ſides the right angle are. 


Fig. 7% 2 The hypotenuſa, or arch of the Ecliptick DE. 


2 . Theleg or arch of the Equator DF: 
3 Thelegor arch of the Meridian FE, 
4 The Oblique angle ot the Equator with the Ecli- 
prick or the (uns greateit decl.nation E D F. 
5 Theoblique a1gle of rhe tcliptick and Meridian, 
or angle of the. ſuns polition D E F, 


0! 
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Of theſe circular parts, the angle of the ſuns greateſt 
declination E 1 F is ftill the ſame, and in all crian- 
gles wherein it is fond, it is one of the terms [up 0- 
ſed tro b* given, and yet to make up the number of 
Problems in choſe triangles, we ſhall hzrc ſometimes 
propound it, as a term that is inquired : bur before 
we proceed to the partictar enumeration of thoſe Pro- 
blems, we will firſt ſhew what is meant bv the declina- 
tion of rhe {un or other ſtar : and the 1 the aſual way 
by which the (uns greateſt declination is firſt tound. 
The dec/ination of the fun or other (tar, is his or 
their diſtance from the Equator , that is, from that 
circle which being drawn between the Poles divideth 
the Globe iato two equal parts , and asthey decline 
from thence cicher North ward or Southward , ſo is 
their decli ration nominated North or Sth ; and 
hence it is apparent, that A Z the complement of A B, 
the Poles elevation, is equal to XK H the height of the 
Equator; and H M the ſuns greateſt Meridian altitude, 
iscequal to the ſum of XA H the height of the Equa- 
tor, and A M the Suns greateſt declination; trom the 
Equator towards the North. And & T the ſuns greateſt 
declination trom the Equator towards the $«:4 Pole 
is the difterence between, A&A H the height of the E- 
quator, ani HT the ſuns leaſt Meridian altitude: 
and hence it is apparent that the ſas greateſt declina» 
tion is the half ot 1 M thedifference between M H the 
ſuns greateſt, and H T the ſuas leaſt Meridian alti- 
tude, trom whence the height of the -quator and con- 
ſequently the height of the Pole above the tiorizon 


may thus be found. 


At Loxdox Deg. 

reateſt Meridian , H M. 61.99167 

The Sams 5 faf altiudes CAT. 14494167 
Their difference is TE MT, 47.95900 
Half that difference ts equal to PRE 
TM A the ſuns greateſt ___ . 33-525 
4 


# 
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Which being deluRed from HM the ſuns oreateſ 
meridian alritu:e , the remainer is H & 38.447 the 
height of the Equator , and the complement of H £ 
38.4547 to go, is, E=AB51,5333 the height of 
the Pole above the Horizon, | ; 

Next to the ſuns greateſt declination , his diſtance 
from the next EquinoQial point-or place in the Eclip- 
tick, called bis longitude 15 uſvally given, and asto 
our purpoſe is readily, enough found, right againſ 
the day of the monerh in. the Kalender upon the Ho. 
rizon, which being found' there , muſt be alſo found 
inthe Zodiack, and inthis triangle 1s repreſented by 
the arch DE. And theſe two parts of that triangle 
being given, the legs FD and FE reprelenting the 
ſuns right aſcenſion, a'11d preſent declination, may 
be fouid by bringing the point E to the braſs Meridian 
for then the arch ot the Equinoial from Dro the 
braſs meridian ſhall be the {uns right aſcenſion, and 
the arch of the braſs meridian interſeted between the 
EquinoQial circle, and the Ecliptick ſhall be the ſuns 
preſeac declination , (o that in this trianvle there js no- 
thing more to be inquired , but the oblique angle! 
the Ecliptick with the meridian, or the an. le ot the 
ſuns poſition D EF, and this may be tound by brins- 
ing the point Eto the braſs meriujan , and tirning 
the Globe till ic fall alſo in the Zenith , tor then the 
arch of the Horizon intercepred between the baſs me- 
ridian , and the Ecliptick, ſhall be the meaſure ot the 
angle of the ſuns poſition D t. F inquired. 

And thus having ſhewed how the parts of this tri- 
angle may be ſeverally tound , we will now ſet doyn 
the 30 Problems conteined in this triangle , and by 
which ot the Problems of right angled ſpherical 
angles they may be reſolved , and leave it to the Rez 
ders diſcretion, trom the teveral Datas, to find the 
thing inquired , either 10 its own proper place » or by 
thoſe Problems by which all right angled ſpherical 
triangles arc 0 be reſolved in general. A 
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The Right cenſion F D, and the projen declination of the 
Sun F E being given, there may be found, 
1 The ſuns longicnde D E 
2 The ſuns greateſt declination FD E > by 1 Prob, 
3; The angle of the ſuns poſition D E F 
The ſuns longitude DE, and right aſcenſion D F being 
given, there may be found, 
4 The ſuns preſent declination F E 
5 The (uns greateſt declination FD E <6y 2 Probl, 
6 The angle of theſunspoſition FED 
The ſuns longitude D E , and hu preſent declination F E 
bemg grven, there may be found, 
7 The (uns right aſcenſion DF 
$ The ang. of the ſuns greateſt declination FD E 
9 The anzle of the ſuns poſition FE D 
by the 2 Pr-bl. 
\ WHY The ſuns longitude D E and greateſt declination F D © being 
giventh:re may be found, 


10 Theſaus right aſcenſion D F 
by 3 Probl, 


it The (uns preſent declination F E 
| 12 The anglc of the ſuns poſition FE D 
. The ſans longuinde D E, and hu angle of peſitionFED 


be ing given , there way be found, 

4 13 ihe ſuns right aſcenſion D F 

c 14 The(uns preſent declination FE | 

: 15 The angle ot the tuns greateſt declination F D E. 
6 by the 3 Probl-m. 


| The ſuns right aſcenſion D F, and angle of bis greateft d:- 
a clination FD E being g:v n,t ee mAy be found, 
n 16 The (uns longitude D E 
/ 17 The(uns wean declination F F >by the 4 Prob! 
; 18 Theſuns angle of p rfition D = F 
[* The ſuns right aſcenſion D F and angle of the ſuns poſition 
DE F being groen there may be found, 
] 19 The funs Jongitnde D E C 

by 4 Prob. 


20 The ſunspreſent declination F E 


:7 The ang. of the © greateſt de cli, FOE 
R 3 The 
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he [uns preſent declination F E, and angle of poſition DF x 
bring given, there may be found, 
22 The ſuns longitude D E 
23 The ſuns right aſcenſion DF 
24 The ang. of the ſuns greateſt declinationFDt, Wl ,/ 
by the 4 Problem, WM 


The ſuns preſent declination FE , and the angle of the ſun Pc 
greateſt declination F D E beirg given,there may be found or 
25 The ſuns longitude D E 

26 The ſuns right aſcenſion D F [ by 4 Probl, el 
27 Theſuns angle of poſition D E F 


The angles of the ſuns greateſt declination FJ) E , andef þ4- 
frtioinD EF bewg given, there may be found, 1 
28 The {ns longitude D E \ | 
29 The (uns right aſcenſion D F « by 5 Dnabl, 
30 The ſuns preſent declination F E 


mr em on nn —_— * « - 


CHAT. AT 


The uns Meridian altitude, and preſent 
| declination given, to find the Poles 
elevation, 


His is one of the moſt nſeful Problems in Na- 

| vigation, not aftually contcined in the E- 
cliptical Triangle, and yet may conveniently 

_ enough be referred to it , becauſe the preſent 
declination of the ſun is ſeveral wayes found by it, 
which being ad.ed too , or ſubtrated from, the ſuns 
Mzridional altitude according to the following dire- 
tions the ſum or difference is the height of the } qua: 


Io whole complement unto go is the height otthe 
OICs ' 
ln 
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In this Problem there are ſeven warietice, 


The firſt, is when the (un hath no declination ; as 
when he is in the Equator, thar is, in the beginning of 
Aries and Libra, and then the complement ot his 
Meridian altitude unto ge, is the height of the North 
Pole , if the ſum be on the South fide ot che Meridian, 
or of the South Pole, if on the North. : 

The ſecond variety is when the ſuns Meridian alti- 


mde is juſt 90 , and then the declination it (elt, is the 


elevation of the North Plc, if that be North, and of 
the Seurh Pole it rhe declination be Southward. 

The third variety is when the ſuns Meridian alti- 
tadr is leſs than ge upon the S-2»:h fide of the m*ridran, 
2nd have Sb declination. In this Caſe, Adde the 
{uns meridian altitude to his preſent declination , their 
ſum is the —_ of the Equator , and that comple- 
mentto 9c the height of the North Pole. 


The 75” of February 1660 the Senth declination of 


the Sun is 11,95 
The ſuns meridian altitude ſuppoſe 15,27 
There (um or total 27-25 
The herghr of the Nerth Pole 62.75 


But if the ſum ot the ſans declination and meridian 
altitude exceed go , ſubtract go from it , the remainer 
isthe alticude of the Soxth pole, 


As admit the ſuns South declin. to be 11,96 
And his meridian altitude . 87.23 
There ſum is £9419 


Thercfore the height of the Soxch pole is g.ig 


The fourth variety is when the ſuns meridian alti- 
tude is leſs than go upon the Soh fide of the meridian, 
and hath North declination ; in which Caſ: the {uns 
&liaation being ſubtrated from his meridiaa ” . 
rude, 
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eude, there difference is the height of the Equator, 
and the complement unto go, the elevation of the Ml -1; 
North pole. . | 

The fiith variety is when the ſuns meridian al:i. : 
tudeis leſs than go, upon the North fideof the meri. Ml : 


dian, and hath Nerth declination ; In this Caſe the 
{uns declination being added to the ſuns meridian alti- 
rude, their ſum or aggregate is the height of the E. . 
quator , and the complement thereof to go the height Ml gi 
of the South pole. 


01:2 

Bur if their ſum be morethan go, ſubtract go from - 
ir, the remajner is the alrirudeof the North pole, "” 
The ſixth variety is whenthe ſuns meridian alti- Ml ., 


tude is leſs than 9c upon the North fide of the meri. WM © 
dia, and his declination South: In this Caſe, the 
ſun declination being ſubreraFed from his meridian 
altitude, the remainer is the height of the Equatcr, 
and the complement thereof to go is the height of the 
Sth pole. 

The ſeventh varicty is When the (un or ſtars is oþ- 
ſerved to be upon the merdian under the Pole within 
'the Artick or Antariich Circles, in which place, the 
ſun or ſtars declination mult be\ubtrated trom 9, 
what remaineth is the ſuns diſtance trom the Pole, 
which being added to the m-ridian altitude obſerved. 
the {um or total is the latitude, 


P— a 


+8. Bi n & * 
Of the two Meridional Right angled Sphe- 


rical triangles upon the Globe. 


Here aretw © other Right angled ſpherica! tri 
\ an les beli.ics the  cliptical, which I call Mc- 

ridi-ual becau'e the hypotenuſacs in them 
b9., atc Q.tCchcs ut a luctiunan, 


Orc 
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One of theſe is noted with the letters A BC 
the five circular parts ar?. 

; The hypotenula or arch of a Meridian 4 C., 

2 The leg or atch of the Horizon CB, or 4zimurh 
of the ſun from the North, : 

; Theleg or arch ofthe braſs meridian, repreſent - 
togthe height ofthe Pole A B. 

4 The oblique angle of che m-ri4ian upon the Globe 
wich the braſs meridian,or angle of the hour from mic's 
niheB A C. | 
5 The Oblique angle of the ſuns meridian with the 
Horizon A C B or complement of the Suns anz2le of 
rolition, | | 

Inevery of the 30 Problems conteined in this tri- 
angle , the uantity of the ſides is given by inſpe- 
tion upon the Globe, the angle of the hour from 
midnight BA C, may be found either by the arch 
of the Equator intercepted between the two Neri- 
dians, or by the arch of the Horizon , the Pole A 
eing firſt brought into. the Zenith, and the angle of 
the, ſuns meridian with the Horizon A CB may be 
meaſured as hath bcen ſhewed in the 12% Chapter , 
WH vhcther we ſhall reterre the Reader for the {olution 
+ Wl ofthe Pcoblems following : In this triangle then, 


The Poles elevation AB, and Suns «Azimuth from the 
North B C being grven, there wa 'y be for nd, 
'1 The arch of a meridian or completnent of th© 
ſuns declination A C. | 
2 The hour from midnight B A C. 
3 The angle of the ſuns meridian with the Hori- 
wnACB. by the 1. Probl, 12 (hap. 


The Suns Azimuth from the North B C., and complement oj 
1- the Sns declination A C being given, there may be found, 


4 The elevation of che Pole A B 
5 The hour irom mid.zight BAC 


S 6 The 


1 which Fie, 7. 
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6 The angle of the (uns Meridian with the Horizon 
ACB. by the 2 Probl. 12 (hapt. 


The Poles el:wation A B', and complement of the $ uns decli- 
nation A (being given, there may be found, 


7 The ſuns Azimuth from the North B C, 

8 The hour from midnight B A C. 

9 The angle of the (uns Meridian with the Hori- 
zon A C B, by the 2 Probl. 12 ( hapter, 


The complement of the ſuns declination A (*, andthe hour 
from midnight B A (being given, there may be found, 


10 Theſuns azimuth from the North B C, 

; 1 ThePoleselevarion A B. 

12 The ſuns meridian with the Horizon ACB, 
bythe 3 Preblem 12 (hapter. 


T he complement of the Suns declination A C , ana angl: of 
the Suns eMeridiaen with the Horizon A CB being given, 
there may be found, 


13 The ſunsazimurh from the Nerth B C. 
14 The hour from midnight C A B 
15 The Poles elevation A B, by the 3 Probl, 12 (hq. 


The Suns eAzimuth from the North C B, aud angle of the 
Suns Meridian with the Horizon ACB being grven, we 


may find, 


»5 The complement of the Suns declination AC. 
127 The hour from midnight CA B. 
18 T he Poles elevation A B. bythe 4 Probl.12 chajt: 


T he Suns Azimuth from the North B C, and the hour from 
miduight C AB, being given, we may find, 


T9 The complement of the Suns declination A C. 
20 The angle of the ſuns Merid. with the Hor, ACB 
at The Poles elgyation A By bythe 4 Probl. 13 che 


The 
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The Poles elevation AB, 2» £ & from midviaur DB AC 
being given, we m7 fisd. ny 
22 Th: complement ot the ſ1ns declinatiou A C.; 
23 The ſuis azimuth from the North B C. 
14 The angle of the ſuns meridian with the H 2ri- 
z0n A CB. 67 the 4 Prebl. 12 chap, | 


Toe Poles elevation 5 B , and angle of the Suns Meridian 
with the Horizin A CB bring given, we may find, 
25 The complement of the {195 declination A C. 
26 The ſuns azinvath from the North BC. 
27 The hour from mid-night B A C. by 4 Pr. 1 2 ch- 


The hour from midnight CA B, and the anple of the Suns 
Meridian with the Horizon A CB bring given, we may 
find, 

28 The complement of the Suns declination A C. 
29 The S1ns azimuth from the North B C, 
30 The Poles elevation A B. by the 5 Probl. x 2 chav. 


The other Right angled MeridionalTrian- Fig. 7 


gle is noted with the letters DGH, in 
which the 5 Circular parts, are 


1 Th: Hypotenuſa or preſent declination of. the 
wDG. 

2 The leg or amplitude of the Sun at the hour of 
ix DH. 

$ The Suns height at the ſame time G H. 

4 Theangleof the Poles elevation GD H. 

5 The angle of the Suns pofitionD GH, 

Andinevery of the 0 Problems conteined in this 
triangle, the quantity of the ſides is given by inſpeQt- 
on , ABisthe meaſure of the angle GD H. And the 
angle of the Suns poſition D G H may be meaſured as 
hath b*en ſhewed inthe 12 Chapter, whether we refer 
the Reader for che ſolution of the Problems My - 

S 2 n 
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In this triangle then 
The WL: amplitude PD H 5 and altitude G H bzing given, 


we may find, 
x The Suns preſen tdeclination D G 
2 The Poles elevation G DH. 


3 The angle of the {uns poſition D GH. by the 1 P16. 
blem 12 chapt. Th 


The Suns amplitude D H , and the Suns devlination DG 
being given, we may find, | 


4 The Suns height at the hour of ſix G H. 

5 The Polesclevation G D H. 

6 The angle of the Suns poſition D G H. 
by the 2 Probl. 12 chapter, 


T he Suns altitude & H, and the Swng declination D G being 
given, we may find, 
7 The Suns amplitude D H, 
$ The Poles clevation G D H. 


9 The angle of the Suns pofition D GH. 
by the 2 Probl, 12 chap, 


T he Suns declination D G, and the Poles elevation GD H 
being given, we may find, 
109 The Suns amplitude D H 
11 The Suns altitude G H. 


12 TheSunsangle of poſition D G H, 
by the 3 Probl, 12 chap. 


The Swnz declination DG , and th le » ky DG H 
being given, we may find, CRANE 
13 The Suns amplitude DH, 
14. The-Suns altitude G H. 
x5 The Polcscleyation & D H, 6y 3 Probl, 12 chap, 
Th 
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The Suns amphitude D IT, and the Polar eleu4tionG D H 
bring given, we may find, Fa 


16 The Suns declination D G. 
17 The Snns altitude GH, 
18 The Suns angle of poſition G DH, bythe 4 Preb/, 


12 chavter, 


The Suns amplitude DH, ad angle of the Suns poſition 
DG Hweing given, we may find , 


19 The Suns declination D G, 
20 The Suns altitnde GH. 
21 The Poles clevation G DAN, by 4 Probl.ns chap. 


The Sun; altitude G Hand angle of the Suns poſition DG H 


bring given, we may find, 


22 The Suns declination DG 
23 The Suns amplitude D H. 
24 The Poles elevation G D H; 4 Prob. 12 chap: 


!he Suns altitude G H, and the poles elevation G D H being 
given. we may find, 


25 The Suns declination D G. 

26 The Suns amplitude D H. 

27 The angle of the Suns poſition D G FT. 
by the 4 Problem 1 2 chap. 


The Poles elevationG DH, and angle of the Suns poſition 
D G H being given, we may find, 


28 The Suns declination D G, 
29 The Suns amplitude D H, 
39 The Suns altitude G H. 

by the 5 Prob. 12 chap, 


S 3 
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CO HAF AV 

Of the zimuthbal Triangle. 

He fourth Right angled Spherical Triangle, | 
caltan Azimurhal triangle, becauſethe hy. 
potcnuſa doth cut the Horizon, in*the Exp 
and we? Azimuths, and is repreſented by 


— - ——O— 


7 the triangle MD K, in which DK doth repreſent a1 


arch of the Qn1adrant of alritude upon thc Globe, the 
legMK an arch of a Meridian, and M D an arch 
the Equator , ſo that in this triangle, the five circular 
parts arc, ; 

1 The hypotenuſa D X, or arch of the Sun or Stars 
altitude being £a/ or Weſt. 

2 The leo M K or declination of the Sun or Star, 

3 The leg MD or right aſcenfion of the Sun or Str. 

4 The oblique angle-M DK or angle of the Poles 
elevation above the Horizon. 

5 The oblique angle MK D or angle of the Sun; 
poſition. 

And in this triangle the fides and oblique ans! 
MDK arc meaſured by inſpeQion, and the quantity 
of the oblique angle MK D may be readily enough 
found, as bath been ſhewed in the 1: chap. 


The ſeyeral Problems in this triangle , arc 
as followeth. 


The Right aſcenſion of the Sunor Siar D M, and declinatin 
HA K being given, we may find, 


x The ſun or ſtars altirnde DK being Eaſt or ef, 
2 The Poles elevation M D K. 
3 Theſans or ſtars angle of poſition MK D, 

by the 1 Probl, 12 chap, h 


- we 
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The Right aſcenſion of the ſuner ſtar DM,and al:itude D K 


being given,we may find, 


4 The ſun or ſtars declination M K 

5 The angle of the Poleselevation MD K, 

6 The angle of the ſun or ſtars poſition M K D. 
bythe 1 Probl. of the 12 chap, 


The declination of the ſun or ſlar M K, and the altitude D K 
bemg grven, we may find, 


1 The (nnor ſtars R'ght aſcenſion D M. 
| $ Theangle ofthe P:5ies elevation M D K. 
| 9 The angle of the ſun or ſtars poſition M K D 


| by the 2 probl. of the 12 chay, 


The ſun cr ſtars altitude D K 5 and axgle of the poles eleva- 
tion 11 D K being given, we may find, 


10 The ſun or ſtars declination M K 

11 The ſun or ſtars Right aſcenſion M D. 

12 Theſun or ſtars angle of poſition M K D. 
by the 3 Probl. of the 12 chap, 


The ſun or ſtars altitude DK, and angle of poſition MK D 
bring given, we May find, | 


13 The ſuns or ſtars declination K M. 

14 Theſuns or ſtars Right aſcenſion D M. 

15 Theangle of the Poles elevation M DK, 
by the 3 of the 11, 


The ſim or ftars Right aſcenſion D M, and angle of poſition 
M K D being given, we may find, 


16 The ſun or ſtars declination MK. 

17 Theſun or ſtars altitude DK., 

18 Angle of the Poles clevation MD K. 
by the 4 probl. of the 112 chap, 
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The ſun or ſtars Right aſceyfion D M, and argle of the Pil; 
elevation M D K being given, we may find, 


19 Theſun or ſtars declination M K 
20 The ſun or ſtars altitude D K. 
21 Theangle of poſition DK M. 
by the 4 probl. of the 12 chapt. 
The ſun or ſtars declination MK,& angle of poſition M1 KT) 4 
being given, we may find, 
22 Theſun or ſtars Right alcenſtonD M. E 
23 Theſun or ſtars altitude D K. ti 
24 The angle of the Polcs elevation M D K. th 
by the 4 Probl. of the 12 chap, 
| 
T he ſunor ſtays declination M K, and angle of the Poles «les f 
vation M'D K being given,we may find, 
25 Theſunor ſtars Rightaſcenfhon M D. : 
26 The ſun or ſtars altitude DK, | 
27 Theangle of poſition DK M. 
by the 4 Probl. of the 12 chap. 0 
The angles of the Poles elevation ADK, and of poſting 
D K Mbeing given, we may find, ; : 
28 Theſunor ſtars declination M K. X 
29 Theſunor ſtars Right aſcenſion DM, 
30 Thetun or ſtars altitude D K, 
bythe 5 Probl. of the 12. chap, 
1 
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— — 
po_ earn DE ena, 


GCGHAP.. XVIL 
of the Horizontal Triangle. 


He fiſt and laſt Right angled Spherical trian- 
le chat in this Treatiſe ſhall be mentioned, 
call an Horizontal triangle, the hypotenuſa 

thereof being an arch ot the Horizon , and 
this is repreſented upon the Globe by D O L, in which 
the five circular parts are 

1 The hypotenuſa and arch of the Horizon, or am- 
plitude of the Sun at his riſing or ſetting D O. 

2 The ſun or ſtars declination L O. 

; The aſcentional difterence D L, that is, thedif- 
ference between, F L the Right aſcenſion, and FD 
the oblique aſcenſ10n. 

4 Theoblique angle of the Horizon and Equator, 
or height of the Equator L D ©. 

5 Theangleof the Horizon and Meridian DO L. 

And in this nr, the {1Jes and oblique angle 
LDO are meaſured by 1n{pefion, and the quantity 
ofthe other oblique angle D O L, may be meaſured as 
hath been ſhewed in the 12 chapter, 


The ſeveral Problems in this Triangle, 
are 45 followeth. 


The (un or ftays declination O L, aud Aſcenſional difference 
D L being given, we may find, 
1 The amplitude of their riſing or ſetting D O- 
2 The angle of the Horizon and Equator L D O. 
3 The angle of the Horizon and meridianD O L. 
by the 1 probl, of the 17 chap. 
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7 he aſcenſional difference of the ſuu or far D L, and ampli. 
twle D C being given, wem: y find, 


The ſun or ſtars declination O L. 
5 The angle of the Horizon and Equator LD 0. 
6 Theangle of the Horizon and Meridian D OL, 
Gy the 2 probl, of the 12 chap, 


The ſuns amplitude D O, and hw preſent declination O L 


being given, we may find, 7 


7 The aſcenſional diflerence D L. 

$ The angle ot the height of the Equator L DO. 

9 The angle of the Horizon and Meridian D OL. 
by the 2 probl, of the 12 chap, 


The ſuns amplitude D O , and height. of the Equator L D0 
being given, we may find, 7 


10 The aſcenſjonaldiflerence D L. 

11 Theſuns preſent declination LO. 

12. Theaogle of the Horizon and Meridian D OL, 
by the 3 probl, of the 12 chap. 


The ſuns amplitude D O, and angle of the Horizon and OMe» 
ridian L O Dbeing given, we may find, 


13 Theaſcenſional difference D L. 

14 The. funs preſent declination © L. 

15 The angle of the heightof the Equator O DL 
by the 3 probl. of the 12 chap, 


1 he aſcenſional difference D L , and height of the Equator 
EL D © being given, we may find, 


16 The {unsamplitudeÞD © . ) 

17 The ſuns preſent declination L O, 

:$ Theangle of the Horizon and Meridian DOL WF 
by the 4 probl. of the 12 chap, X 
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The aſcenſimal difference D L, axd angle of the Horizon 
aud Meridian DOL being given,we may find, 


19 Theſuns amplitude D C. 

20 The ſuns preſentdeclination L ©. 

21 The height of the Equator LD ©, 
by the 4 probl, of the 12 chop, 


The ſuns preſent declination LO, and angle of the Horizox 
and Meridian D 0 L being given, we may find, 


22 The ſuns amplitude D ©. 

23 The aſcenfional difterence D L. 

24 The height of the Equator LD ©, 
by the 4 probl, of the 12 chap, 


The ſuns preſent declination LO, and height of the Equator 
LD © being given, we may find, 


25 The (uns amplitude D O. 

26 The aſcenſftonal difference D L. 

27 Theangle of the Horizon and Meridian D O Le 
by the 4 probl, of the 12 chap. 


The height of the Equator LD O, and angle of the Horizon 
and Meridian D O L being given, we may find, 


28 The (uns amplitude D O, 

29 Theſans preſent declination LO. 

30 The aſcenſional difterence D L 
by the 5 probl. of the 12 chap, 


By help of this triangle , beſides thoſe 3o Queſtions, 
we may find the Diucnal and NoQurnal arches of the 
Jun in any given latitude. 

The A(cenfſional difference of the Sun being found, 
2 hath been already ſhewed , you muſt add ic to the 
Semidiuraal arch of the Right Sphere, which is 90, 
when the Sun iS in rho Naorchera , 19NCs 5 and {ubtratt 
tinthe Southern, the ſum or difference will be the 

E*S Semi- 
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Semidiurnal arch , which doubled is the Day arch 
whoſe complement to 24 hours is the Night arch» 
which biſc&ed, is the time of the Suns riſing. 

As when the Sun is in the point C, the Aſcentiona] 
difference D L muſt be added to the Semidiurnal arch 
of the Right Sphere ED, and there aggregate £[, 
is the Semidiurnal arch inquired ganſwereabletoCM 
halt the arch of the ſun or ſtars motion for that day, 

But when the place of the ſun or ſtar is inthe South. 
cra Signcs , the Aſcenſional difference-muſ? be ſyh- 
tracted from & D, the remainer ſhall be the Semigiur- 
nal arch of the ſun or ſtars, as betore. 

Hence alſo by comparing the Aſcenfional diffe. 
rence with the Right aſcenſton, you may fin{the 
oblique aſcenſion and defcenſion of the (un or ſtars. 

In .the former Diagram F L repreſenteth the 
Right aſcenſion , D L rhe aſcenftonal difference, ang 
F D the oblique aſcenſion, now thea it the decli- 
nation of the {un or ſtar be North. 

Subtratt the aſcenfional difference from the Right 
aſcenſion, and the remainer is the oblique aſcenſion, 

Add the aſcenſional diftcrence to the Right aſcenſ;- 
on and their ſum is the oblique deſc:niioa. 

Bur if the deelination of the ſun or ſtar be $:#th, add 
the aſcenſional ditterence to the Right aſcenſion , and 
rheir ſum is the oblique aſcenlion. 

Subtratt it from the Right aſcenſion , the remainer 
is the Oblique deſcenſion. 

And it you deduR the Obliqueaſcenſion of the fun 
from the Oblique aſcenſion of any ſtar,their difference 
being convertcd into time by allowing 15 degrees to 
evcry hour , and added ro the time ot the (uns ri(c, 
wm give the ttme of the day in which that {tar dotl 
rilc. 

And the Oblique deſcenfion of the ſun being (uh- 
tracte.! ir2m the Oblique deſcenſon of the ſtar, their 
dit-rence being coaverte into tiine as betore, and 
ad1:d 
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1{ded rothe time of ſun ſet, gives thetime of the (er- 
ting of that ſkar. 

Or it the place of the Sun or other Star be given, 
their Right and Oblique aſcenſions and deſcenſions 
with their Semidiurnal and Seminoturnal arches, 
znd time of rheirriſing and ſetting in any latitude may 
be more caſily found in this manaer, 

Bring the place of the ſun or ſtar tothe Metidian 
cove the Horizon, andthe number of degrees com- 
prehended between the Meridian , and vernal Aqui- 
nox or firſt point of Ares is the Right aſcenſion : or 
tothe Meridian under the Horizon, and the degree of 
the Equator that comes to tae Meridian with it, isthe 
Right deſcenſton. 


For the oblzque aſcenſion &+ deſcenſion. 


Bringthe place of the ſun or ſtar to the Exſt (ide of 
the Horizon, and the degree of the Equator cut by the 
Horizon, is the degree of oblique aſcenſion of the ſun 
or ſtar : Or to the Weſt fide of the Horizon, and the 
degree of the EquinoCtial cur by it, is the degree of 
Oblique deſcenſton. 


For the Semidiurnal and SeminoClur- 
nal Arches, 


Bring the place of the Sun to the Meridian above 
the Horizon, and then (ct the Index of the hour- 
circle, to the hour of 12, this done, brivg che place Cf 
the Sun to the Ea/# {ide of the Horizon , and the hour 
Index will (Lew the hour from 1 2, which is the Semi- 
diurnal arch, and time of his riſing : or if you bring 
theplace of the Sun tothe Weſt fide of the Horizon , 
the hour Index will givethe Scmidiarnal arch again, 
and time of (un (cr , whoſe complement unto 1 2 15 tc 
Seminocturnal arch, 
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In. like manner , the- Globe bein rectified by the 
place of the ſun, as hath been {a1d, bring the far 
whoſe Semidiurnal and Seminotturnal arches you 
deſire with his time of rifing and ſetting to the &, 


or Weſt of the:Horizon, and you ſhall have your defire [ 
as betore- 
ET QI. ——— The \ 
me 
CHAT - Xe the 
Of the Complemental Triangle. 'z 
; 


Irherto we have ſpoken of the Right angled 
ſpherical triangles onely,8& now we are come 
tothe Oblique, the firſt whereof I call the Ml 3 
Complcmental triangle , tor that ail his ſides 
be complements, viz. the complement of latitude. or 
of the Poles elevation, the complement of the (ung de- 
clination, and the complement of the ſuns altitude 
abovethe Horizon, commonly called his Almicau- 
ter ; and this is repreſented upon the Globe, by an 4 
arch of the braſs Meridian without the Globe, an arch 
ot the great Meridian upon the Globle, and an arch of 
the Q-adrant of altitude, as in the triangle AEZ, 
whole circular parts arc, 

1 Complement of the Poles elevation Z A. 

2 Complement of the (tms declination A E, 

3 Complement of the (uns altitude Z E. 

4 The {uns azimuth or diſtance trom the North 
part of the Meridian E-Z A. 

5 The hour of the day or diſtance of the ſun from 
12 of theclock EA Z. 

6 Theangle of the ſuns poſition A E Z, 

Anq in this triangle the quantiry of cach fide is 
-iven by inſpetion, the arch of the Horizon BÞ is 
the mcaſure of the angle A ZE, and the archot the 
Equator A F is tne meature of the angle E A Z andthe 
angle At Z bemecalurcd, as hath been ſhewed in the 
1; Chapter. 
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The ſeveral Problems in this Triangle. 
are as followeth. 


By the 1 Problem of oblique angled(ſpherical | 
triangles, 


The complement of the Poles el:vation Z A , the comple. 
ment of the ſuns declination A E, and the complement of 
the ſwns altitude £Z E being given, we may find, 


1 Theſuns azimuth from the North or ang. A Z E. 
2 The ſuns diſtance from the Meridian Z A E, 
; The angle of the ſuns poſition A E Z, 


By the 2 Problem of oblique angled ſpherical 
triangles, 


The complement of the Poles elevation Z A , the complement 


ef the ſuns altitude Z E, and the ſuns azimuth from the 
North A Z E being given, we may find, 


4 Thediſtance from the Meridian Z A FE. 
5 Theſuns angle of poſition A EZ, 
6 The complemeat of the (uas declination A E. 


The complement of the Poles elevation A Z, and the comple- 
ment of the ſuns declination A E , and the ſuns diſt ance- 
from the Meridian Z A E being given, we may find, 


7 The ſuns azimuth from the North A Z E. 
8 The complement of the ſuns altitude Z E, 
9 The angle of the ſuns poſition AE Z, 


The complement of the ſuns declination A E, the angle of the 
Suns poſition A E Z, and the complement of the ſuns altte 
tude E Z veing given, we may fina, 


10 The ſuns azimuth from the Nyrth A ZE, 
11 The complement of the Poles elevation A £. 
bz The (uns diſtance trom the Meridian E A Z. 
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By the 3 Problem of Oblique angled ſpherical 
triangles. 


T he [uns angle of poſition AEZ, the complement of the 
hs pln E Z, andthe ſuns azimath from the Narth 
A Z E being given, wt may find, 


13 The complement of the Poles cleyation A7. 1 
14 The (uns diſtance from the Meridian E A 7. 
15 The complement of the ſuns declination A t:. 


The ſuns azimuth from the North A Z E , the complement 
of the Poles elevation AZ, and the ſuns diftance from 
the Meridian Z A E being given, we may fi nd, 


16 The complement of the (uns declination A E- 
17 Theſuns angle of poſition AE Z. 
16 The complement of the (nas alticude E Z. 


The ſmns diſtance from the Meridian E AZ, th; comple- 
ment of the ſuns declination A E , and the ſuns argleef 
poſitron A E Z being given, we may find, 


19 The complement of the ſuns alticude E 7. 
20 The ſuns azimuth from the North A ZE. 
21 The complement of the Poles elevation A 7. 


By the 4 Problem of Oblique angled ſpherical 
triangles, 


The complement of the Poles elevation A Z, the complement 


of the ſuns declination A E', and the ſuns augle of poſition 
AE £ being given, we may find, 


22 T he complement of the ſuns altitude E Z, 
23 Theſunsazimuth trom the North A ZE. 
24 The {uns diſtance trom the Meridian E AZ. 


Tht 
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The complement of the Poles elevation A Z , th: complement 
of the ſuns declinatim AE, and the ſuns azimuth from 
the North A Z E being given, we may find, : 


25 Thecomplement of rhe (uns altitude EZ. 
:6 The ſuns angle of poſition A E Z. 
27 The ſuns diſtance from the meridian E AT, 


The complement of the ſuns declination «A E,' and the com« 
plement. of the ſuns altitude E Z, and the ſuns azimuth 
from the North A Z E being given, we may find, 


238 The complement of the Poles elevation A Z. 
29 The ſuns diſtance from the meridian E A Z., 
30 The (uns angle of poſition AEZ. 


The complement of the ſuns declination eA E, the complement 
of the ſuns altitude E Z , and the ſuns diſtance from the 
Meridian E A Z being given, we may find, 


31 The complement of the Poles elevation A Z. 
32 Theſuns azimuth from tne North AZ, E. 
33 Theſuns angle of poſition AEZ, 


The complement of the ſuns altitude E Z , the complement 
of the poles elevation A Z , and the ſuns diſtance from the 
Meridian E A Z being given, we may find, 


34 The complement of the ſuns declination A E. 
35 The (uns angle of poſition A E Z. 
26 Theſuus azimuth from the Norch A ZE, 


The complement of the ſuns altitude E Z , the complement of 
the Poles elevation A Z, and the ſuns angle of poſition 
tA E Z being given, we may find, 


37 The complement of the ſuns declination A E, 
:$ The ſuns diſtance from the meridian E A Z., 
19 Theſuns azimuth from the North A ZE, 


V By 
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By the fitth Problem of Oblique angled ſpherica] 
triangles. 


The ſuns azimmh from the North A Z E, the ſuns d;- 
diſt ance from the Meridian E A Z, andthe comnlement 
of the ſuns declination A E, be ing given, we may find, 


40 The complement of the poles elevation A Z. 
41 The complement of the (uns altitude E Z. 
42 The ſuns angle of poſition A = Z, 


The ſuns az\mmth from the North »-ATZE , the ſuns di. 


ftarce from the MeridianE A L, and the complement of 


the ſ.ins altitude E Z being given, we may find, 


43 Thecomplement of the poles elevation A Z, 
44 The complement of the ſuns declination AE. 
45 Theſuns avgleot poſition A E Z. 


The ſuns diſtance. from the Meridian E A Z , the (un; 
angle of poſition A E Z, and the complement of the ſun; 
altitude E Z being given, we may find, 


46 The complement of the polcs elevation AZ. 
47 The complement of the ſuns declination AE, 
438 The ſunsazimurch from the North A ZE, | 


T he ſuns diſtance from the Meridian E A Z, the ſun 
angle of poſton eAE Z, ard the complement of the poles 
elevation A Z being given, we may find, 


49 The complement of the ſuns altitude E Z. 
50 The complement of (uns declination A E, 
«1 Theſunsazimuth from the Norch A ZE. 


T he ſuns argle of poſition AEZ, the ſuns azim»th from 
'he North 4 Z E, andthe complement of the poles eleva- 
tion eA £ being given, we may ſid, 


2 The complement of the ſuas altitude E Z. 
53 The complement of the ſuns declination AE. 
$4, Lheſuns diſtance from the meridian E A Z. 
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T he ſens _ugee o poſition AE 2, the ſurs Azimut! from 
the North ALE z and the Complement of the ſuns bs. 
clnation vA E being given, we may find, 


55 The complement of the ſuns alcicude EZ. 
$5 The complement of the poles elevation A Z 


4% 


:7 The (uns diſtance from the meridian E A Z, 


By the ſixth Problem of oblique angled ſpherical 
triangles, | 


The ſuns angle of poſtion AE 2, the ſuns azimneh from 
theNorth AZ E, and furs diſtance from the Meridian 
E A Z being given, we may fird, 
$$ The complement of the ſuns altitude E Z. 

;9 Thecomplement of the poles elevatiin A Ze 
69 The complement of the [uns declination A E, 
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CHAT 3A 
Of the Geographical Triangle. 


He (-cond oblique angled ſpherical triangle , 
I call a Geogravhical or Nautical triangle, 
becaniſe it ſerveth to reſolve thoſe Problems 
which concern Geography and Navigation 
and this is alſo repreſented by the triangle AE Z» 
whcle Circular parts, arc 
1. The complement of latitnde belonging to that 
Town or Ciry repreſented by the Zenith potntar.Z, or 
lide A Z. 
2 The diſtance between the two places at Z and Ez 
or the fide E Z. : 
; The complement of the latitude of the place at E, 
orthe fide A E. 
4 The difference of longitude between the two pla- 
© att and Z,orthc angle E AZ. 
Y 3 5 Th? 
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« The point of the compaſs leading from ZtoF, 
or the angle AZE 


6 Thepoint of the Corapaſs leading from E to Z, ; 
or the angle of poſition A E Z, ] 


© And in this triangle the quantity of each fide and | 
angle is given, as hath been ſaid in the laſt chap, 


The ſeveral Problems of this Triangle, are 


By the firſt Problem of oblique angled {pherical 
triangles, 


The complement of the Iatitude of one place «A Z , the com- 
plement of the Iatitnde of the otherplace A E, and the di« T 


Ftance between them E Z being grven, we may find, 


1 Their diflerence of longitude E A Z. 


2 The point of the compals leading from Z toF, 
orAZE, 
3 Theangle of poſition A E Z. 


By the ſecond Problem of oblique angled ſphe+ 
rical triangles, 


1. The diſt ance between the two places E Z, the courſem 
bearing from Z to E , or angle EZ A, and the ſid AZ, 
or complement of the latitude of the place at Z beiro giver, 
we may find, E 


4 Thceangleot poſition A EZ. 


5 The complement of latitude of the placc at F, 
or A E, 


6 Their difference of longitude E A Z. 


2 : The fide A Z or the complement of the latitudeof Z, the 
fide A E cr complement of the latitude of E, and their arfe 
ference of longitude E A L being given, we may find, 

7 Theangleof poſition A E Z, 
$ - The diltance between the two places E 7. 
9. Thcanglce E Z A,or bearing rom Z to E. 
3 Th 
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' The fide A E oy complement of the latitude of 8, the angle 
of poſitron AE Z, and the diſtance between the two places 
E Z being given, we may find, 


10 The bearing from Zto E,orangleE ZA. 
11 The fide A Zor complement of the latitude of Z, 
12 The difference of longitude EA Z. 


By the third Problem of Oblique angled ſphe- 
rical triangles, 


1 The angle of poſition AEZ, 


The fide E Z or diſtance between the two places, and the 
argle E Z A,or bearing fam Z to E being given, we may 
find, 

13 The ſide AZ or complem- of the latitude of Z 


14 Thediftzrence of longitude E A Z, 
15 The {ide A E or complem. of the latitude of E. 


- 


: The bearing fromZtoE, or ole AZE, thefide AZ, 
or complement of the latitude of Z , and the difference of 
lmgitnde E Z A being given, we may find, 


16 The {fide AE or compl. of latitude of E, 
17 Theangle AEZ. 
18 The diſtance between them E Z. 


The difference of longitude E AZ , the fide A E or com- 
plement of latitude of E, , andthe bearing from E to Zor 
angle AE Z being given, we may nd, 


2 


19 The diſtance between the two places E Z. 
20 Theangle A ZE or bearing from Z to E. 
21 The {ide A Z or compl. of latitude of Ze 
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By the fourth Problem of oblique angled (phe. 
rical triangles. ju 

1 The fide AZ or co-latitnde of the place at Z, the (44 f 
ZE or co-latitnde of the place at E, and the angle A C1 
or bearing from E to Z beirg giver, we may find, F 


22 The f1deE 7 or diſtance between the two places j 
23 The angle AZEor bearing fromZtoE, ; 
24 TheangleE 4 Zor difference of longitude, 


2 The ple A Z or co-latitude of Z , the fide A E or ce=l gi: 71 
tude of E, and the angle AZE or bearing from Z 8 « 


being orven, we may find, of 


25 The fide EZ or diſtance between the 2 places. Wl * 


26 The angle A EZ or bearing trom Eto 7, 41 
27 TheangleE A Z or difterence of longitude. q 

3 The fide A E or latitude of E, the ſide E Z or diſtance b-ſ T 
tween the two places, and the angle A Z E or bearing fron ” 

. £ to Ebeing prven, we may find, f 
28 Theſide AZ or co-latitude of Z. q 


29 Theangle E A Zor difference of longitude, 
30 Theangle AE Z or bearingfrom Eto Z, 


4 The fide A E or co-latitude of E, the fide E Z or diſtance 
between the two places , and the angle E A Z or different 
of longitude being given, we may fe nd, 


21 Theſide A Z or co-laticude of Z. 
23 Theangle A ZE orbcaring trom Z to E, 
33 The avgle A EZ orbearing from E to Z. 


5 The fide E Z or diſtance between the places , the fide AZ 
or co=latitude of Z., and the angle E A yo or difference of 


longitude being given, we way find, 


34 The ſide AE or co-lotitude of E, 

35 The angle AE Z or bearing fromE to Z. 

36 The angle A ZE or bearing from Z E, 
6 The 
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(The fdeE Z or diſs ance between the places, the Ste A 
werlatitude of £ ,, and the angle 'A E _ "ey 
E to Z, being given, we may find, 


17 The fide A E or co-latitude of E. 
38 The angle E A Zor difterence of longitude, 
39 Theangle A ZE or bearing trom Z. to E. 


By the fitth Problem ot Oblique avgled (pheri- 
cal triangles, 


1 Theangle AZ E or bearing from Z toEtheargle EAZ 
 lifferen ce of longitude, and the ſide A E or co-latitude 


if E being given, we may fi «d, 


4 The ſide A zor co-laritude of Z, 
41 The {ide E z or diſtance between the places. 
4 Theangle A EZ or bearing from E to Z, 


: The angle A Z.E or bearing from Zto E, the angle E AZ 
mdf}. rence of longitude , «andthe fideE L or diſtance be- 


men the places being given, wemay fink, 


4 The fide A 2 or co-latitnde of Z. 
4 The {fide A E or co-latirude of E. 
45 The angle AE Z or bearing irom E to Z. 


The angle EAT or difference of longitude, the angle AET 


1 bearing from E 5 L, & the fide E Z or diſtance between 


the two pldces being given, we may find, 


4 The {ide AZ or co latitude of'Z. 
9 The fide A E or co-latitude of E. 
$ Theangle A'Z Eor bearing irom Zto EF, 


The augle E A Z or difference of lougitudethe angle AE 7 
hearing from 'E to 7, , and the. ſide A Z or Corlatitude of 
Lbting o1ver,, we may find, 

49 The fide E Z or diſtance between the 2 places. 

50 The fide A E or co-latitude of E. 

5t The angle AZ E or bearing tram © to E. 
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. The avgle AET or bearing from E to L the anrle A2 FE 
or bearing from L to E, and the fide AZ or latitude ef r, 
being grven, we may find , 


52 The fide E Z or diſtance between the places, 
53 The ſide AE or co-latitude of E. 
54 The anglcE A Z or difference of longitude, 


6 The angle E AZ or bearing from E 107, the angle A2E 
or bearing from *toE, and the fide vA E or Co-latitud; 
of E being given, we may find, 


55 Theſide Ez or diſtance between the places. 
56 Theſide A Zor co-latitude of Z. 
57 TheangleE AZ or difference of longirude, 


By the ſixth Problem of oblique angled Speri. 
cal triangles, 


The angle E A Z or difference of longitude, the angle A Z 


or bearing fromZto E, and the angle A EZ or bearing! 


from E to zbeing given, we may find, 


58 The {ide E Zor diſtance between the places, 
59 Theſide AZ or co-latitude of Z. 
69 Thelfide AE or co-latitude of E, 


CHAP AaXLL 
Of the Polar Triangle. 


Herthird Cons: angled Spherical Triangle, 
is called a Polar Triangle , becauſe one {ide 


thereot is the diſtance between the Poleso 


the World, and the Poles of the Equinottial, the 04 


ther {ides 2re tie arches of a Meridian zand a Citcle 
of longitude, 


Th 


—c__— i . _ ___ ____ > 
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This Triangle is repreſented upon the Cerleſti 


jarts, are 


: The arch A Z,the diſtance between the Pole cf 


v2 world , and the pole of theecliptick. 


2 The arch A E the complement of FE the declina- 


ton of a ſtar at E. 


Nothern laticude from the ecliptick. 

4 The complement of the ſtars Right aſcenſion, or 
heangle E A Z whoſe meaſure in the Aquinottial is 
thearch & F 

; The angle of the ſtars longitude AZE. 

6 The angle of the ſtars poſition A ET. 


(CAndin this Triangle the quantity of cach fide and 
angle is given, as hath been ſhewed (hap. 1g, 


! The ſeveral Problems in this Triangle, are 
"WM By the firſt Problem of Oblique angled Spheri- 
cal Triangles, 


The diſtance between the Pole of the Warld , and the Pole of 
the ecliptich «A Zthe complement of declination A E, an4 
the complemzent of latitude Z E being given, we may find, 


1 The angle of the ſtars Right Aſcenſion E A Z, 
2 The angle of rhe ſtars longitude A Z E. 
; Toz angle of theitars poſition AEZ. 


By the ſecond Problem of oblique angled Sphe- 
rical Triangles, 


I The com lemeent 3! (atitude EL, the angle of the ftars lou- 
finde EZ A, and the d1Fance between the Pole of the 
” ' j Nd þ 4 
World, and the P ole of the eclsprich,or the ſuns greateſt de» 
alination Z nfl being giver, we may find, 


4 The ſtars angle of poſition AEZ. = : 

5 The complemear of the iiars cieclination AE. 

MW © The complement of the !tars Re aſcenſion Z A Z, 
; 4 2 The 


. A n þ [ "7 
Globe, by the Iriangle AZ Ein which the _ Fiz. 8 


; Thearch ZE the complement of BE the ftars 


TITS. — - 
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The /ide 8A Z or the ſuns greateſt declination, the fide Ag 
2r complement of the ftars declination, & the angle EA z| 
or complement of the ſtars Right aſcenſion bemg giv.n,? 
we may find, 


».» 


1 


7 Theangle of the ſtars poſition AEZ, 
$ Thecomplement of the ſtars latit1de E z. 
9 The angle of the ſtars longitude E Z A, 


The complement of the ftars deelination A &, the compl:- 
went of the ſtars latitude E Z , and the ſtars angle of ye- 
ſition A E Z being given, we may find, : 
ro The angle of the ſtars longitndeE A Z, 

11 The (uns greateſt declination Z A. 

i2 Thecompl. of the ſtars R. aſcenſion E A Zs 


By the third Problem of oblique angled Spherical 
Triangles. 


The angle of the ſtars poſition AE Z, the complement 6 ; 
the ſtars latitude E Z, and the angle of the ſtars longitud:! 
being given, we may find, | 


- 
þ 


13 Theſuns greateſt declination z A. 
14 I he complement of the ſtarsR. A.E AZ. 
15 Thecomplement of the ſtars declination AF, 


The argle of the ftars longitude E Z A, the ſuns great 1 
declination Z, A , and the complement of the ſtars R. «+ 
cenſion E A £ being given, we may fird, 


16 Thecomplement of the ſtars declination A L. 
i7 Theangle of the ſtars poſition AE Z. 
is Ihecomplement of the ſtars latitude E Z. 


T he complement of the fars R, aſcengon E AZ, the con: 
plem at of the ſtars declination AE, andthe angle of 11.1 
ffars poſition betng given, we may find, 


19 Ihe complement of the ſtars latitude E Z. 
20 Ihg 


_- 
_— 
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o 0 The angle of the ſtars longitudek ZA. 
2M :: The ſuns greateſt declination Z A, 


; By the fourth Problem of oblique angled Spheri- 
cal I riangles. I 


1 The ſuns greate# declination A Z, the complement of the 
Pars declination A E, and the ſtars angle of poſition AZE 
berg grven, we m4) fend, 


--M :: The complement of the ſtars latitude E 7. 
WM :; The avgie of the ſtars longitude EZ A, 
IM 2:4 The compl. of the ſtars R. aſcenſion E AZ. 


« The ſuns greateſt declinatiou Z A, the complensent of the 
fars declination A E, and the angle of the ſtars longitude 
- EZ Abcing gruen, we may find, 


25 The complement of the ſtars latitude E Z, 
26 The angle of the ſtars poſition A E Z, 
27 The compl, of the Rars R, aſcenſion E AZ, 


\ The complement of the ftars declinatim AE, the comple» 
ment of the ſtars latitude E Z, and the avgl: of the ſtars 
longutude EZ A being giv: », we may find, 

28 The ſuns greateſt decliczytion AZ. 


29 The compl. of the flars R aſcenfion E AZ. 
30 Theangle ot the 04:5 polition AE Z. 


N The compl. of the ſtars declination AE, the corwpl, of the 
Pars latitude E Z. ,and the compl. of the lars R, aſcenſion 
EAZ being given, we may find, 
;1 Theſuns greateſt declination A Z. 
32 The angle of the ſtars longitude E Z A: 
» 23 Theaogle of the ſtars poſition AEZ. 


X 2 
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5s The consb!. of the ftars latitude E Z,, the ſuns greateft 4; 
{ination AC, and the com! of the ſtars R, aſcenſion 0 
: A Z, bet »g given, we MAY find, _— 
4 The complement of the ſtars declination A p, 
5 Theangle of the lars poſttion AE 7. 
26 The angle of the ſtars lo2gituic E Z A, 


"he coml. of the B avs latitude E Z, the ſuns greateſt de. | 
cr ation A Z, and the ſtars avgle of poſuiion A E Z bring Ol . 
given, we ma) find, 2 ' 
37 Thecompl. of the ſtars declination A E. 

38 Thecompl. of the ſtars R. aſcenſion E AZ, 
39 Theangle oftiicitars longirde E 4 A. 


By the fifth Problem of oblique avgled -Sphert- 
cal Triangles. 


1 The angle of the ſtars longitude E £ A , the compl. of the ' 
ſtars R, aſcenſion E AZ, and the compl, of the ſtar; des 
«lination A E being given, we may find, 3 


49 Theſuns greateſt declin, A Z. 
41 Thecompl, of the ſtars latirude E Z. - 
42 The angle of the ſtars poſition A EZ, \ 


6 


2 The angle of the ſtars longitude E £ A, the compl. of the | 
ſtars right aſcenſion E AZ, and the compl, of the ſtar; | 
latitude E Z being given, we may find, © | 


43 The ſuns greateſt declinat. A Z. 


44 The compl, of the ſtars declinat. A E. 
45 Thceangle of theſtars poſition A E Z. 


} The compl. of the ſtars R, aſcenſionE AZ , the angle of | 
the ftars poſition AEZ , and the compl, of the ſtars latis 
tude E Z being given, we may find, 

45 Theſuns greateſt declinat, A Z- 
37 Thecompl. of the ſtars declinat. AE. 
«2 Theangle of the ſtars longitude EZ A. 
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4 The compl. ef the fRars R. aſcenſion EAZ, the angle of 


the ſtars poficion AE 2 , and the ſuns greateſt arclination 
AZbeing given, we may find, 


49 Thecompl- of the ſtars latitude EZ. 
zo The compl. of the ſtars declinat. AE. 
1 The angle of the ſtars longitude EZ, A, 


3 ; The age of the fare poſition A E Z,the angle of the tare 
longitude E Z A, and the ſuns greateſt deslination A Z 
being given, we may find, 


52 The compl. of the ſtars latitude E Z. 
53 The compl. of the ſtars declinat. A E. 
54 The compl. of the ſtars R. alcenfion EAZ. 


_8 6 The avg le of the ſtars poſition AE Z, the angle of the 
| ſtars longitude E Z A, andthe compl, of the pk decli 
0 nition A E being given, we may find, 


55 The compl. of the ſtars latitude EZ, 
66 The ſuns greateſt declination AZ. 
57 The compl. of the ſtars R. aſcenſion E AZ, 


Bythe ſixth Problem of oblique angled Spheri- 
cal Triangles. 


The angles of the ſtars longitude E Z A, the compl. of the 
ſeart R, aſcenſion E A Z, and the angleof the ſtars poſi- 
tios A E Z, being given, we may find, 


HY 53 The ſuns greateſt declination A Z. 
59 The compl. of the ſtars declination £ E. 
60 The compl, of the ſtars latitude E Z. 


%3 CHAP. 
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CHAP. XXIl. K 

To let fall a perpendicular that ſhall di. | f 
wide any obltque angled ſpherical Y't: 
into two Reght. 


OA, FOIA A 


N the ſolution of oblique angled Spherical Trian- : i 


les by the Canons of Sines and Tangents, this 3 *. 
Problem is in ſeveral Caſes very uſeful: but in 8 n 
reſolving thoſe Caſes by the Globe, we have i © 
need of it, feeing all of them may otherwiſe be rc- F a 
ſolved , as bath been already ſhewed ; yet for vartcty ill * 
ſake, we have inſerted this way alſo. - 


In the Polar Triangle A Z E, letthere be given, ® ' 
AZ | 

The ſides and theang. EAZ, *® 

E Z 


. Andlet the fide A E be inquired, 


To teſolve this Caſe by the Catholick Propoſition 
of Right angled Spherical Triangles and the Canon # 
of Sines and Tangents, a perpendicular may be Ict fall 
from Z upon the fide inquired A E, the which upon | 
the Globe may be done in this manner, ; 

W berethe arch of the Meridian or fide A Eſupon ? 
which the perpendicular is tofall) ſhall cut the Anui- 
noQtial, make a mark , which in the Figure is atF: 8 
and from this point of interſe&tion of the Meridian $ 
with the AquineRial at F. reckon a Quadrant or go } 
degrees , which ſuppoſe to be at C, a thin plate of braſs | 
with a nutat one end thereof , whereby to faften itro | 
the Meridian, as you doe the Quadrant of altitu:c, | 
being gradvatcd as that is. but of a larger extent, { fur | 
that a Quadraitt in this Caſe will notſuffice) being fa- } 
.coetarZ, 8& turncd abodMill it cut the point C in the 
F.qui- } 
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Fquinoftial, will deſcribe upon the Globe the arch of 
zgreat Circle Z H C\interſeRing the (fide AE ar right 
ogles in the porn H, upon this ground ; the point C 
mthe XquinoCtial is the Pole of the Circic AE Fznow 
lgreat Circles which paſſing through the point C, 
hall interſet the Meridian A EF, will interſe& it at 
Right angles by the 12 of the 10 Ch apter, 

Thusthe Quadrant of altitude being taſtened in the 
zenith of any place , which way ſoever you turne it, 
yillcut the Horizon at Right angles , becauſe the zc- 
nich is the Pole of the Horizon, and ſo here, becauſe 
the point C inthe XquinoCtial is the Pole of the Meri- 
dzn AEF, theretorethe arch of a great Circle Z H C 
muſt needs cut that Meridian at Right angles in the 
point H,8 the oblique angled Spherical triangle AZE 
sdivided into the two Right angled triangles -ZH 8 
AL Hby the perpendicular ZH, the quantity where- 
of is given by inſpection upon the graduated plate and 
the ſegments of the ſide A E, that is, A Hand E Hare 
toth meaſured in the Meridian, (o that 1n the triangle 
AHZ, the angle A Z Honely isunknowa , which 
may be tound by turning the Triangle as hath beeg 
hewed in the 12 Chapter, 

And in the Triangle E HZ the three ſides and 
Right angle at H arc known , whichare more than 
need be g1ven to find the angles at E and Z. , as hath 
een alſo ſhewed before: and thus we have (though 
reifely, yet plainly) ſhewed the ſolution of Spherical 
Triangles upon the Globe, not onely in the Genera] , 
but in all the Problems which are conteined in cighr 
particular Triangles , which doc amount to 330, and 
are {ufficient, Cure (if well underſtood) to inform the 
Reader, by what mcancs ſuch other Problems may be 
beſtrelolved, which are not here expreſſed, 
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PROJECTION 


SPHER F: 
al 5595+ > 6 ll 


To projet the Circles of the Globe in plano 


according ts their ſeveral poſetions in 
reſpe& of the eye. 


Sphere or Globe which is one of 
the beſt Inſtruments tor inform- 
ing the phanſie, is one of the worſt 
for reſolving particular Queſtions; 
8 therefore for that purpole other 
Inſtruments have been invented , 


fewel hath not been leaſt in cſti- 

mation, and yet even that is ſo perplexed, with a 

multiplicity of lines that the*reſolution of moſt Que» 

tions by that Inſtrument is very troubleſome, this 

trouble can no way be better avoided(if there preſenta- 

ton of the Sphxre and pefopacion of the Queſtion be 
2 


both 
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both required at one time)then by a particular dei. 
Neation of thoſe lines,. which in the Queſtion. pro- 
pounded, are both given and required, 
How that.may be done upon thoſe | grounds and 
principles by -which'the Jewel 1s made, 15that which F 
is intended by this preſent diſcourſe. - -- 
And that excellent. Inſtrument..now. known by the © 
name of Blagraves Mathematical 7ewel, doth depend Þ 
upon that projeAion of-the- Sphere , which we call Þ 
the Steri-graphick, or Circular projeftion, concern- K 
ing whichthatthis:diſeourle, though ſhort, may yet | 
be plain, it will be neceſſary to declare, " 
1 How the Circles of the Sphere or Globe both great ® 
and ſmall may in all their ſeveral poſitions and fitu- © 
ations according to the Laws of this projeQtion be de- ® 
{cribed in plano. | | 
2 How auy arch ofthoſe circles ſo projefted may * 
be mcaſured, either in reference to itſelf or in refe- #3 
- rence to the primitive Circle. : 
An1 3 How an angle propaunded may be projeCted ® 
or being projected may be mcaſured. . 
In the firſt of theſe, the projefion of any Circle of © 
the Sphere in any poſttion or {ituation, - we are to con- © 
{ider: firſt, the ſevcral varieties of poſition that the cir- £ 
cles of the Sphere may have. in reſpett of that point. ® 
+rom-whence theeye beholdeth them, and then the © 
Problems by which they. may be projected in theſe | 
poſitions. | 
The varjeries of poſition arc burthree, for allcir- | 
cles of rhe. Sphere are ſeen by the eyc , citber.in a Per- Rt 
pezdiculer,in a-Dirett, or in an Oblique Aſpett, ; 
1 A Circle i5.then (a'd tro be Perperatcnlar tothe Þ 
&ghbt , whey the ſuperficics of it is paralielto it, as {up- Þ 
paſe rhe cye-to b2-placed inany part ot the edge of & # 
round I able, and thence to beho!d the who'e (uperti- Þ 
cics of that circwiar plain, then is the {uperficics of that: 
«rclc parallel, and the crcie it ſe]t perpendicular to: Þ 
aC Hg, be a 


2 A 


_ & -< « 
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2 A Circle is ther ſaid to have a Dirett Aſpett to + 


theeye, wheh-the ſtiperficies of-it, is diretly oppo- 
ſite to it , interſeting the ſuppoſed line from the eye 
tothe center of the Circle at Right angles. 

; ACircle isthen {aidto have an Oblrgne Aſpeft to 
theeye » when the ſuperficies of it, is neither parallel 
with, nor oppoſite to, the viſual line, butcuteth it at 
oblique angles. Howa circle ſeen by the eye in any of 
thoſe poſitions may be projefted in plano ſhall be ex- 
plain'd inthe Problems following. 


PROBLEM r. 


To deſcribe a Circle upon a plane , which is perpendiculay 
to - ſight ; and to meaſure the parts thereof being ſo de- 
ſeribed, 


ATT in this poſition being projeted, will become 
a ſtraight line and may upon cither hand be in- 

finitcly extended, as by Example will better ap» 
pear , then can be expreſt by many words. 

Let A BC Dbeſuch a Circle. in which let the eye 
he placed at A, the Diameter B D being extended both 
wayes astar as you pleaſe, ſhallibe the projcAion of 
this Circle; and may be diſtinguiſhed into pars inthis. 
manner, upon your Compaſles to what extent you 
pleaſe , and thereby divide the given Circle intoan 
number of parts ,fuppoſe 8 by the points at A. B. I, C. 
K. Þ. and L..lines drawn from A through theſe points! 
fhall cut.the extended. Diameter B D in.the points F,B. 
Q. E. P. D. G, andthe flraight lines;F EB E. and 
Q E. ſhall be the projeQion ot the arches HC.;BOC. 
and I C. and theſe arches are the double meaſures of 
thoſe lines, being the dyuble meaſures of the angles ar 
A,and EF bciag a :Tangeat line anſwerable to the ra- 
dius A E which is the Radius of-che Circle by-which 
theſe angles are meaſured the lines E F,E B. and E O. 


Fig 1: - 


are the tangeats of theſe angles FAEBAE&OAE. 
2-3 now 
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now becauſe the Tangent of 9# deg- cannot be limj. 
ted, therefore a Circle thus projeed willbecomean 
infinite line, | | 


PROBLEM 2. 


To deſcribe a Circle upon a plane, which hath a Direl 
Aſpett tothe eye, ang to meaſure the paris thereef, being 
fo deſcribed, 


"WE Circle in this poſition being projetted will be 2 

_p- Arai Circle, as it the pole of the World in a 

Sphere or Globe be elevated into the Zenith , and the 

cyethere poſited , all the Circles between the Pole g: 

the Equino&tial are in this poſition ,. and alſo parallel 

ro oneanother , now all their Centers mecting in one 

Axis or Radius , being projeted will all meet in one 

point , having theretore made a primitive Circle 

AB CD, it you open your Compalles to any other 

extent- as to the extent of the Radius EM a circle 

drawn upon the point E, thall be the projettion of 

that circle ſo poſted , the parts .whereof arc corre« 

ſpondent to the parts of the primitive circle, that is, 

the archM N in the {mall circle doth contein as many 

degrees as the arch IC in the great, and ſootany 
OoOrncr, 


PROBLEM 3. 


Twopoints in 4 Circle being given, to find the center of an 
arch of another Circle, which ſhall paſs through the two 
given poimts, and alſo devide the given Cirtle into two 
equal parts. 


Fig. 2,]N the circle H FDG, let there be given the two 
points B and C through one of the points as B, draw 

the Diameter LM, which let be extended at pleaſure, 

croſſe rhis Diameter at Right angles with the Dia* 

meter DR, and draw the line BD and make EP 

Per- 
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dicular 'to BD in thepoint D, where the line 
5 ſhall incerſe& thc Diameter L M,which in this fi- 
gre is in the point E,ſhall be the third point, by which 
wdraw thearchF BCE, thecenter whereof may be 
found by the 6 Propoſition of the 3 chapter of the firſt 
Part, A circle drawn according to theſe dire&ions 
hall paſs through the given points, and alſo divide the 
givencircle into two equal parts. 


DEMONSTATION. 


As AB.AD:: AD, AE. becauſe the Triangles 
ABDand A B Earelike by the 8 of the 6 of Enclide, 
and  G continued w:1l fall upoa F: It notlet AG 
continued tall upon H,ani continue G A H to K,then 
fhallitbe AB.aG::AK.ALE Sythe 35 of the 3 Encl, 
An4 the Reftanglz of AG AK=AD = AD = 
AG:AF=4%G « » ti and by conſc<quence A H equal 
AK wi 0: avtird, 


PROBLEM 4 


Todeſcribe a Circle upca 4 plain which hath an Oblique 


eAſpett to the eye, and 16 3» aſure the parts thereof being 
ſo deſcribed, 


Circle in this poſition being projeed will be a 
A pirtecicae, in the Deſcription whereof the 

oreateft difficulty is in finding the center, tor 
which ſometimes there are but two, ſometimes there 
arethree points given ; when two points are onely gi- 
ven, the third muſt be fo:1nd, as hath bzen ſhewed in 
the laſt Problem ; how to bring three poiars into a 
circle you may (ce inthe 3 chap. of the 1 Part - but if 
the diſtance between rhe firſt and ſecond paints be e- 
qual to the diſtance between the {econd and the third, 
the centers of theſe circles may be more cafily found, 
by theſe direQ&ions tollowing. 


kn 
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Fir. 3. In the Circle BCD E, let the-line ,of meaſure be 
S* ” BAB, in whoſe lower pole E , let the eycbe placed, 
let GA F be the great circle to.be deſcribed,- whoſe 
obliquity is B G, and a line drawn from. E to G, ſhall 
ive the point H inthe line of meaſures, and ſo you Þ 
rave thethree points E, H. C, to draw this circle by : 8 
make D Fequalto B G, and draw the line EF, which © 
being continued till it cut the line of meafures will li. 3 
mit the Diameter of that circkatB: makeCL and ®3 
LM cach of them equalto BG, and draw the lines Þ 
E L and EM, then ſhall N be the pole, and K thecen- | 
terof thecixcle EH C'B. TheRadivs being HK = ? 
K E , for the angtc.K-H E = K E H, becaule the angle 7 
H=AGH+GAE, thatis, AEH+FAEK, tor 
the arch CM =2 B G. | 
Thus by a line of-Chords ; By the line of Tangents * 
and Secants the centers ..of theſe circles may be thus * 
found, the Tangent of the circles obliquity {ct from 
A, ſhall give the center K inthe line of meaſures , or | 
the Secant thereot from H : becauſe the half ſum of © 
che Tavgent , and Tangent complement ot an arch, 
isequal to the Secant of the difference of thoſe arches. 
See Briggs Trig. Brit, and cicher of chem equal to the 
radius of that circle. 
To deſcribe the lefler circles or parallels to the ob- 
liquecircleEH CB, as ſuppoſe the parallel P $R do 
Sce Briggs thus ; Draw the Radius AP, and perpendicular there- 
Trig. B'#. untoat the point P, draw the. linePQ ,, then ſhall Q 
my pin the line of meaſures be the center of the parallel 
"7 e*P. PSR, the Radius being SQ=PQ, forthe angle 
PSQ= SPQ, becaulctheangleS= A P $-þ PAS; 
thati, SPR+ RPO. Or thus, the co-tangent of 
CP fer from P to theline of meaſures will reach toQ 
the center of the parallel, 
In this Scheme HC = BC =A C godegrees, 
whence irtolloweth, that the Quadrant H C is divi- 
ded into degrees from its pole N by the degrees of the 
QuadrantB C, thatis, aRuler laid from N to any 
paſt 
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'of the Qrtadrant B C, will cut as many degrees 
+ Quadrant H C as it doth inthe Quadrant Þ CG 
and thus the arch HX=BT, thearchHy=BY 
andy X=V T: the equality of theſe arches is very 
plain, And on the contrary the given point X inthe 
Quadfant H C may be meaſnred in the limb, by 
drawing the line N X T from the pole thereot at R. 
And if in the ſame great circle E H C another pointbe 
given as at 7, if through this point you draw the line 
NV, the arch V T will be the meaſure of the ſpace 
between y and X, as was required. 


PROBLEM x, 


To deſcribe « us Circle npon a plain, which hath an ob- 
lique Aſpet# tothe eye, when the twe extream points given 
are nat equid:ftant from the third, 


Hen in a great circle which hath an oblique 
aſp<& co the eye there are three points given, 
ind the third point inthe line of meaſures, we have 
telidesthe common way of bringing three points into 
acircle, ſhewed in the laſt Problem a more compen- 
dious way 3 and alchough che common way will alſo 
perform what is propounded in this Problem, yer may 
It be more neatly and cxpediouſly deſcribed in this 
manner, 


Having drawn the primitive circle BCDE, and Fe. 4. 


the wo Diameters BAD, andC AE, let therc be 
given the point F, by which to deſcribe the circle CFE, 
though the point F , draw the Diameter & A &, and 
the Diameter H A G at right angles thereunto, a ruler 
lid from G unto F,, ſhall curthe primitive circle in 
K, and making KL=\K, a line drawn from G 
through L, will give N the center of the circle HM G 
in the Diameter & A @ extended , catcing the Dia» 
meterBADinM , the pole of the circle CFE, and 


{Ruler laid from CuntoM, will cut the primitive 
Z circlc 


Fig. 5. 
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circleinP , and making P Q=PE a Ruler laid from 
CuntoQ, will cut the Diameter BAD inR, the 3 
center of the circle CF Edelired. - 

This done, the Radius of any other circle paſfing | 
through the ſame point F is cafily found, as ſuppoſe ® 
it were now required, to deſcribe the circle VFM, *' 
draw Y Z at right anglestoM V , a Ruler laid from © 
G unto S, ſhall cut the primitive circle in T,makeT X * 
=HT, a Ruler laid from G unto X , ſhall cut the 
Diameter E£ Ain W , make AOcqualunto A W, 
ſo ſhall F W be Radius and the point O the center of 
the circle V FM as was deſired. 


6 PROBLEM. 
eA ſmall circle which hath an oblique aſpe to the eye being 


frojefted, to meaſure the arches of ut. 


Et P GFQ repreſent a ſmaller circle in an obli- 

que a{pe&to the eye, and let the meaſure of the 
arch GFbe required ; perfeR the circle PGFQ, and 
draw the lines GCHandFCK, Ifay the arch KH 
is the meaſure of G F, inthe ſmall circle , and may 
calily de reduced to the like arch in the primitive cir- 
cle, for if you make MR cqualt» AC, and upon the 
point M, deſcribea circle at that extent of the compal- * 
(es the arch SR T ſhall be equal ro the meaſure of GF 7 
inthe primitive circle BCDE. 


7 PROBLEM 


To projet any angle propounded , or meaſure any angl: 
that # projetted. 
N this Problem there are four varictics, for firſt, * 
an angle to be projefted', may be conteined by two 

reat circles which arc perpendicular to the fight, that 

ts , by two circles which being projected ; will become 8 

graight lines, and meet in the center of the primitive # 

circle, tathis caſe you mult proceed as in the protra- 

&ion of right linedangles hath been ſhewed. Fl 
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$-condly.the arches conteining the angle,may be one 
dfchem,an arch of the primitive circte,and the other an 
arch of an oblique,and then this method is to be uſe }. 

From the point aſſigned ſet off a Q1a7rant or 90 
degrees. and draw two Diamecters , as in the circle 
H7BX. let the point aſſigned be Z., a Qnadrant 
from thence is H, the two Diameters ZDX &H DB, 
ſer the quantity of the angle given, by helpof your 
line of chords from H unto G, a Ruler laid from Z 
unto G, will cut the Diameter H D Bin thepointP, 
ſo may you draw the circle ZP X, as hath been 
ſhewed , and then the angle H ZÞ is equal to the arch 
HG, which 1s alſo cqual to H P: it theavgle had 

zen projeaed and the meaſure required, a Ruler laid 
from Zunro P would cut the primitive circle in G,and 
HG would be the meaſure of it. 

Thirdly, The arches conteining to be projefted may 
be one of them the arch of a circle perpendicular to 
theſight and the other oblique, as the angle & R Zor 
XR&, and then the angle propounded may be thus 
projected; a Ruler laid from F the pole of the circle 
ZPX unto R, the angular point propounded will 
cutthe primitive circle in L, make X N cqualto H L, 
2 Ruler laid from F untoN, will cut the circle ZPÞ X 
inE, and a Ruler laid from R untoE, will cut the 
primitive circle in V , make V &cqual tothe angle 
propounded, & draw the Diameter A D « then is the 
angleXR @cqual tothe arch V @ as was required, 
It the angle had been projefted and the mealure re- 
quired, a Ruler laid from F to N would give E, from 
R to E would give V,and V & ſhould be the meaſure 
of the angle, 


Fig. 6, 


Fig. 7. 


Foxrthly, The arches conteining the angle to be pro» | 


jeted , may be both of them arches of the ovolique cir- 
cles, astheangle R EZorX &AN, and inthis cafe 
the projefting , or meaſuring of an angle projected , 
is bur little differing trom the laſt variety tor a ruler 
laid from F the pole of the circle ZP X unto & , the 
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noular point propounded, will cut the primitive cir. 
len L, Toke _ unto H I : a Ruler laid from 
Fanto W, will cutthecircleZPXin @, anda Ru- 
ler laid from Eunto &, will cut the primitivecircle 
in 4, make « b equal tothe angle propounded, a Ru- 
ler laid from & untob, will cut the Diameter HB in 
EF, and bythe; Probl, of the x chapter , having thetwo 
oints & and F given, you may deſcribe thecircle 
R &FN, which is the onely difference between the 
rojeting of this and the former angles, for there a 
uler laid from e untoR , did cut the DiameterH B * 
in D the center of the primitive circle, and ſo the & 
other circle tobe projected became a ſtraight line, as © 
ir ought, the angle being propounded to be conteined i? 
by two circles one obliquethe other perpendicularto ® 
th= ſight; bur both the circles were tobe obliqne in 3 
this varicty » and therefore a Ruler laid from b unto ® 
A muſt not cut the Diameter H B in D:but ſome other © 
point , as hereat F by help whereof the circle R EFN © 
muſt be deſcribed as hath beca (aid. To projeft this 2 
angle is {cldome propounded, but this angle being pro- 3 
jedfed the meaſure thereof is often required ; which © 
: may bethus cficfted. 4 
Fig. % Beving deſcribed the circle M « W by the direQions © 
Sf the 5 Problem, which muſt-paſs through aand « © 


des A AN ee. 


the poles of the circles ZEX and AES, a Rulcrlaid © 
from E to the interſeRions cf that circle , with the © 
other at f and g, will cut the primitive circle ia h and!, © 
the meaſure of the angle at E. | 
Or,a Ruler laidtrom E to 4 and #, will cut the pri- 


mitivecircle in» and q equal to þ 1 the mealureof the ? 
angle AE Zas before. 
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CHAP. IL 


(f the Solution of Right angled Spherical 
Triangles by the Stereographick, 


projeGion. 


th been ſaid in the 12 chapter of the ſecond 

art hereof ) bur five things which come into 

queſtion , the three fides and the two acute an- 

ples; becauſe the third being a Right angle or go de- 
grees isalwayes known, 

Of theſe five parts any two being given , the reſt 
may be found. 

In rightangled Spherical Triangles there are XVI 
Caſcs, 6 for finding the legs, 4 for the hypoteruuſa , 
and 6 for the angles ; bur. by projeQtion may be redu- 
«dtothe five Problems following. 


Te ht angled Spherical Triangles, thereare as 


PROBEEM r. 


The legs of 4 = angled Spherical Triangle being given, 


ro find the reſt. 


T O avoid the multiplicity of Scheams, we will 
here make uſe of the 6 ro” in the ſecond Parr 
of this Treatiſe, in which you havea right an 

oblique angled Spherical Triangle. The right angled 

Triangle 1s noted with the letters ABC, in which 

we will ſuppoſe the legs ABand A C tobe given ; 

and the oblique angles A C Band A B © with the hy- 
potenuſa B C to be inquired. ; 

Now that the ſolution of Spherical Triangles by 
projection may the veer, agrce with their ſolution 


3. 
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Fig. % yoo, rc gg the circleM « W by the direQions 
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noular point pr nded, will cut the primitive cir- 
he [, make X W equal unto H TI: a Rulerlaid from 
F unto W, will cutthecircleZPXin «, anda Ru- 
ler laid from Kunto &, will cut the primitivecircle © 
in «, make « b equal tothe angle propounded, a Ru- © 
ler laid from &untob, will cut the Diameter HB in 0 
F, and bythe; Probl. of the 1 chapter , having the two 
oints & and F given, you may deſcribe thecircle 
FEEN, which is the onely difference between the Þ 
rojefting of this and the former angles, for therea © 
uler laid from @ unto R , did cut the DiameterHB 
in D the center of the primitive circle, and {o the F 
other circle tobe projefted became a ſtraight line, as © 
it ought , the angle being propounded to be conteined ® 
by two circles one obliquethe other perpendicular to ® 
th- ſight; bur both the circles were to be obliqne in © 
this varicty , and therefore a Ruler laid from 6 unto © 
A muſt not cut the Diameter H B in D:but ſome other Ml 
point , ashereat F by help whereof the circle R EFN | 
muſt be deſcribed as hath beca (aid. To projet this 
angle is {cldome propounded, but this angle being pro- 
jected rhe meafurc thereof is often required ; which © 
way bethus cfic&ed, 


"xy £4307 


> %S& TT, 


Sf the 5 Problem , which muſt paſs through «and = © 
the poles of the circles ZEX and AES, a Rulerlaid © 
from E to the interſeQRions cf that circle , with the ® 
other at f and g, will cut the primitive circle ia h and 1, 
che meaſure of the angle at E. F; 

Or,a Ruler laid trom E to 4 and », will cut the pri- 


mitive circle in» and q equal to 41 the mealureol the ? 
angle AE Zas before. 
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CHAP. IL 


f the Solution of Right angled Spherical 
Triangles by the Stereographick, 


projeGion. 


N 47 angled Spherical Triangles, thereare as 
= been ſaid in the 12 chapter of the ſecond 
art hereof ) but five things which come into 
queſtion, the three fides and the two acute an- 
ples; becauſe the third being a Right angle or go de- 
grees isalwayes known, 

Of theſe five parts any two being given, the reſt 
may be found. 

In rightangled Spherical Triangles there are XVI 
Caſcs, 6 for finding the legs , 4 for the hypotenula , 
and 6 for the angles ; but by projeion. may be redu- 
cd cothe five Problems following. 


PROBLEM r. 


The legs of 4 Right angled Spherical Triangle being given, 
ro find the _ 


T O avoid the multiplicity of Scheams , we will 
here make uſe of the 6 Figure in the ſecond Parr 
of chis Treatiſe, in which you havea right an 
oblique angled Spherical Triangle. The right angled 
Triangle is noted with the letters ABC, in which 
we will ſuppoſe the legs ABand A C tobe given ; 
and the oblique angles A CB and A B © with the hy- 

porenuſa B C to be inquired. 
Now that the ſolution of Spherical Triangles by 
projettion may the better agree with their ſolution 
& 3. UpUn.: 
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vpon the Globe , we will ſhew how thoſe arches of # 
the Globe, -by-which the parts of this Triangle 
given and required , were repreſented and meaſur 
upon the Globe ir (elf ;' may 'alſo' be deſcribed a 
meaſured by proje&ion : And upon the Globe it ſelf, 
the legs of this Triangle were repreſented ene of rhenj 
upon the braſs Meridian; trom the 1nter{eftion there- 
of with the EquinoQtialat & ,'to the ZenithatZ, the 
other upon” the” EquinoQial from the* interſection 
thereot with the Meridian at. Eto R , the hypotenuſa 
BC, is repreſented. by the arch of the Quadrant of al- 
titude ZR, let therctore the circle. H Z B X repreſen 
the braſs Meridian, H D Bthe Horizon, A the Norths 
pole, which ſuppoſe to be elevarcd above the Hori- 
z0n at B, the quantity of the given leg A C, which 
being ſet from & upwards, will reach to Z the Zenith 
the other leg A B muſt be numbred 1n the Equinodtia 
& « ſrom AcoR, in this manner: ſer the quantity 
thereot by a line of chords, from & unto T', a Rulet 
Jaid from A unto T , will cut the EquinoSial £w& in 
the point R, ſo ſhall &R betheother leg given, and 
Z R X che three points by which to draw that circle 
whole center by the 6 propoſ. of the 3 chap. im the 1 Part 
will be at C+ ; | 

The Triangle'& Z R being thus projeRed, the parts 
unknown £R the hypotenuſe, and the oblique an- 
gles EZR=ACB, and &R Z= ABC may thui 
be meaſured, 


To find the eAngle ZZ R, 


Lay a Ruler from ZtoP, and it will cut thepris 
mitive circle in the point G, and the arch H G is the 
meaſure thereof. | 

To find the hypotenuſe Z R and the angle &R Z! 
make K K equalto H G, a ruler laid from Zrok 
will cut the Horizon. H B in the point F, the pol of 
tnecirce ZR X, anda ruler laid from F toR "wil 

| ct 


*% —*Y' ONE —_ SOOT py 


I I" \——_—_ »— wwwwmRR_ OO ”* _ __ 


(133) © 


” Intheprimitive circle in the points -LandM the arch 
IL.=ZR, and the arch AM is the meaſure of the 
> iy le & R Las ; 


r, The angle ER Z, may be otherwiſe meaſured 
in this manner : ſer off a Quadrant from L unto N, 
then will a ruler laid from F unto N, cut the Azi- 
muth circle in the point E., and a ruler laid trom R to 


JE, willcut the limb inthe point V, and thearch X @ 


the mcaſure of the angle eRX=Z RE, 
| PROBLEM 2, 
The Hypotenuſe and one leg given, to find the reſt, 


1N the right angled Spherical Triangle ABC, ler 
there be given, The hypotenuſe BC and the leg 
Co ; 


Tofhind the leg AB, and the oblique angles A C B 
and A B C. 

Having drawn the primitive circle HZBX, and 
thetwo Diameters HD Band ZD X, (etoff the given 
hypotenuſe B C from Z unto L, the Tangent of Z L 
being ſet from L ro the Diameter X Z continued will 
give the point Y for the center of the circle LR W : 
then ſer oft che givenleg AC from Zunto &, and 
draw the Diameter &De&, which willinterſc& rhe 
circle LR W inthe point R, which is the third point 
oy which to deſcribe the circle ZR X. The Triangle 

R Z being thus deſctibed 7 make B A equaltoZ #, 
a ruler laid from A untoR, willcut the primitive 
circlein T,and & T is the meaſurc of ER = AB. 

A ruler laid from Z.to P will cur the primitive cic- 
cle in the point G , andthe arch H G inthe meaſure of 
theangle £ZR=—= ACB. Theangke AERZ=ABC 
may be mea(ſured , as. hath beca thewed ia the laſt 
Problem, © 
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PROBLEM 27. 
The hypotenuſa and an angle given, to findthe ref. 


by the right angled Spherical Triangle ABC, ler ® 
there be given. 
The hypotennfe B C andtheangle ACB, 
To ory legs ACand A B,andcheangle 


Having drawn 2he primitive circle HZB X, ang K 
the two Diamcters H D Band ED X fer oft the given 
hypotenuſe B C from Z unto L, you ' | by the 4 Prib. 
of the laſt chapter , deſcribe the circle ER W , then (et 
off the given angle ACB from Hunto G, a ruler 
laid from Z umo G , will cut the Diameter HD B in 
the point P, ſo may you deſcribe the circle ZR X 
which will cut the circle LRW inthe point R,through 
which point draw the Diameter RD e. 

The Triangle AZ R —_— deſcribed,The arch 
& 7 will be the meaſure of the leg A C and Z A bein 
made equaltoH A, a ruler Jaid trom AuntoR, will 
cur the primitive circle in the point T', and the arch 3 
EAT ſhall! be the meaſure of AR cqualto the leg AB, © 
and the angle & R Z equal to ABC may be mcaſu» © 
red; as ha becn ſhewed 1n the x Problem, q 


PROBLEM &4 
AN leg and eAngle given, to find the ref. 


”* the right angled Spherical Triangle ABC, let | 
there be given the leg AC theangle A CB. : 

To find the leg AB the angle ABC the hypote- 
nuſa B $4 % 

Having drawn the primitive circle and the two & 
Diameters as before ; (cs off the given leg A C from 3 
Z unco & and draw the Diameter & D &, the given ® 
angle A CB, (croff trom H natoG, a ruler laid wy k 
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Zro G will cut the Diamerer H DB inthepointP, : 


ſmay you deſcribe rhecircle Z P X which will in- 


FJ trſe& the Diameter & D & in the poiat R. 
7 


The Triangle EZ R being thus deſcribed, make 
Z A equal into &H, a ruler laid from A unto R 
ſhall cut the primitive circlein'T , and the arch & T 


I hall be che macaſure of ZR equal to the leg AB. 


To meaſure the hyporenuſe Z R equal to B C, 
make X K o_ toHG, a ruler Jaid from Z uato K 
will cur the Diameter H B in the pointF the pole of 
thecircle ZP X, andaruler laid from F unto R will 
cut the primitive circle in L,and Z L ſhall be the mca- 
ſure of the hypotenuſe ZR, 

The angle ZR A may be meaſured, as hath been 
hewed in the x Problem. 

But it the given leg be AB and the angle AC BB op- 
polite thereunto. 

Ser oft the given angle from X to K and from K 
untoM, a ruler laid from Zunto K and M will find 
the pole of the circle ZP XatF, and the center at C, 
then ſer off the given leg A B from H unto Q, a ruler 
laid from Z unto O will cutthe horizoninTI, with 
the extent I D croſs the azimuth circle, this interſe- 
gion will beat R, through which point and thecen- 
ter draw the Diameter £D@. Thenis &Z cqualto 
AC, ZRand the angle A R Z may be meaſured , as 
hath been ſhewed. 


PROBLEM 5s. 
The Oblique eAngles bring given, to find the reſt, 


N the right angled Spherical Triangle A BC let 
there bs given the. obliques angles A C B and 
ABC, 


, To find the legs A-B and A C and the hypotenuſe 
C, 


Aa. This 


Fig. 7. 
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CT his Problem upon the Globe we reſolved by turning 
the axoles into ſides, and the ſides into angles, and thu it 
may J. reſolved by projection alſo, as ſhall been ſhewed in 
the like Problem of oblique angled Spherical T riangles , 
we will here ſhew hiw toreſolve it , without any ſuch con- 
verſion. 


Havingdrawn theprimitive circle and the two Diz- the « 
meters as bctote., ſet oft the angle ACB from H to G, it pa 
a ruler laid from Z unto G hall cur the Diameter poin 
HDB in thepointP, the center of the circle Z PX , 2nd 


may be foun4 ſeveral wayes ous Probl. of the laſt If 
{hap. Make X K equalunto H G, a ruler laidfrom Z | Y iml 
uvto K will cut the Diameter HB inthe point F the lira] 
pole of circle Z PX , and all circles paſſing through & YI: £ 
the point F will cut the circle ZP X at right angles, Z Yn 


and is therefore one poigt through which the other 
circle muſt paſs ; the Diameter of which other circle 
may thus be found : (et the quantity of the angle 
ABC from Zunto YV, a ruler laid trom H unto Y 
will cut the Diameter ZX in E , whichis a third point 
by which to draw the circle HE B, 

Or, LV the meaſure of the angle ABC being ſet 
from Bunto L and from L untoQ , lines drawn from © 1 
H through Q and L ſhall cur the Diameter Z X f 
continued in the pole , and center of the circle 
HEB; and if this circle be ſuppoſed to move upon the 
center untill it cut the point F or pole of the circle 
Z P X it willalſo cut that circle in the point &: and 
limitthe Triangle & ZR in which ZR inthe limb is 
cqual tothe hypctenuſe ZR in the azimuth circle of 
the former figure,and AX Z in the azimuth circle of this 
figure is equal to & Z inthe limb of the tormer, &/ ER 
inthecircle Re/# F is cqual to eA RK in the Diameter 
/E D & of the former figure. 

The motion of this circle upon the Jewel is eaficzand 
the projection thereot according to that ſuppoſed mo- 
tion in this figure, is thus; upon the polnt D at the 
CXtent 
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zent of the compaſſes from D to the center of the 
arcle H E B, deſcribe an arch in which the center $ 
yould alwayes be, if the line Z were moveable, then 
open your compaſles to the extent of E, tothe center 
of HE B,and ſetting one foot of that extent in F, move 


J the other about until jt will juſt touch the arch deſcri- 


bed, where upon ſuch condition it reſteth,make a mark, 
ſnow one footof that extent in that mark and with 
the other deſcribe the circle RF N, which becauſe 
itpaſſeth through the pole of the circle Z P K inthe 
point F ir doth alſo cut that circle at right angles in & 
2nd limit the triangle AR Z. 

In whichZR is the hypotenuſe meaſured in the 
limb; and a ruler laid from-F unto'A& will cut the 
imbinTI, and the arch ZI ſhall be the meaſure of 
LEequaluntoAC, and making D @ equaltoDY, 
2 ruler laid from @ unto A& ſhall cut the primitive 


FciccleinO, and the arch R O ſhall be the meaſure of 


LE cqual to A B inquired, 
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CHAP. 111. 


Of the ſolution of the Oblique angled Sphe- 
rical Triangles by the Stereographick 


pro jection. 


- 12 Caſes, but in projectionthey may bereduced 


| | n6:6s, angled Spherical Triangles there are 


|: 


tothe 6 Problems following- 


PROBLEM x: 
The three figes given ys to find the «A. nglets 


Ty avoid the multiplicity of Schemes , we.mult ' 


hererefer the Reader ro the ſixth Scheme of the 


Aa2 ſecond: + 
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ſecond part of this Treatiſe , in which the oblique an-W 
gled Spherical Triangle is noted with the letter ; 
BCD, and in this Triangle we {uppoſethe ſides CB. 
CD andB D to be given, and the angles CD and BK 
ro be inquired. FRO 3 
Having drawa the primitive circle HZBX, and® 
the two Diameters HDB and ZD X, as hath been 
already directed ; Set off the {ide C Dfrom Z unto AS 
and the ſide C Bfrom Z unto Lz and if you will fron 
Z unto W, and (as hath been already ſhewed Prob! 48 
chap. 1.) draw the parallel LEW, thethird fie BD l 
ſet from A unto G and K, anddraw the parallel GE k# 


Fig. 3s 


where theſe intcrſe& is the third point by which ta 
draw the circles Z E Xand AE S, as hath been taught 
in the 1 Part, 

Otherwiſe (by the 5 Probl. 1 chap.) in this manner$ 
draw the line DF, and make ZV = HF and XM 
equal nato Z V and draw the Diameter MDV, þ 
ruler laid from V unto E will cut the primitive circl& 
inN, makeNO equal untoMN, a ruler laid front 
V unto O will cut the Radius D F being extended if 
P the center of thecircle MQ V, a ruler laid from V 
untoQ_ will cut the primitivecircleinR: make RT 
equaluntoMR , a ruler laid from V unto T will cu 
the Diameter FD@ in &, make Py= DE, ſo# 
A y the radius of the circle A E S. 

he circle MQV cutteth DB in « the poleof t! 
circle ZE X, aruler laid from Z unto « will cut the 
rimitive. circle in 5, and making bc = X b, arule 
aid from Z toc will cut DB being extended in thi 
center of the circle ZE X,, ſo have you deſcribed li 
Triangle AEZ the angles whereot may be meaſurdl 
as hath been ſhewed in the 7 Probl. of the 1 chap, of thi 


« 


Parr. | 
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CROBLEA «5 


Two ſides and their conteined angle being five? , to 


find the reſt, 


N the oblique angled Spherical Triangle BCD, 
the given {1des are BC and CD the given angl- 
BCD. 
Andthethird ideB D, wich the angles C DB and 
DBC areinquired- 


Having drawa the primitive circle H Z BY and Fig. 8. 


thetwo Diameters HDB and ZDX, ſet off the 91 
ven ſide CD from Zro A and from X to S, and draw 
the diameter A D'S the comylement of the given an- 
ole BCD ſer from Htor, aruler laid from Z tor 
givest, ſcroff Hrfrom X co, and toc, a ruler laid 
from Z to bande will give athepole and 4the center 
of thecircleZrX, then (er the (ide C Bfrom Z to L, 
aruler laid from «to L will cutZ eX ja the pointE, 
and then you may deſcribe the circk AES, as hath 
been ſhewed in the 5 Problem. chay, 1. or in the pre- 
ceeding Problem of this chapter, 

The Triangle A E Z. being thus deſcribed, we may 
find. 

1 TheangleZ AE,for aruler laid from A to «, will 
vive V, andw V isthe meaſure thereof. 

2 The fide AE, for it you make $& equalto wv, 
a ruler laid from AtoS will give =the poleof AES, 
and a ruler laid from »to E will cut the primitive cir- 
clein G,and the arch A G is the meaſure of A E. 

3 TheangleA EZ, for a ruler laid from E to 4and 
# will cut the primitive circle in mand q and the arch 
w q is the mcaſure of the angle A E Z, 


Agaz PRO- 


Fig. 9. 
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PROBLEM. $. 


Two eAngles and a fide between them being given 
i to find thereſt. = 


IN the oblique angled Spherical Triangle B C D; let . 


there be giventhe angles B CD and.C D B andthe 
{1deC D. 
To find theangle CB D and the ſ:dos B Cand BD. 
Havingdrawn the primitivecircle HZ B X and the 
twodiameters HD Band ZDX, ſectoftthe ſide CD 
from Z unto A, and make the angle Z AE equal to 
theangle C DB, and theangle A ZE equaltothe an- 
gle B C Dyby the 75 Probl. 1 chap. 4th. variety : ſo may 
you draw the circles AwSand Z tX by the 4 Problem 
r chap. interſecting each other in the point E, and the 
Triavgle AEZ on projected, the angle AE Z 
ſhall be equalro CBD, the ſides AEandEZ, ſhall 
beequal, D Band BC and may be meaſured, as hath 
been ſhewed. 


PROBLEM 4 


T wo ſides and an angle oppoſite to one of them being given, 


to find the reſt, 


IN the oblique angled Spherical Triangle B CD, let 
there be given,the {ides C D and C B with the angle 
CB 


To find the fide BD and the angles BCD and 
BDC. 

Having drawn the primitive circle HZ B X and the 
two diameters ZDXand HD B, ſet oftthe ſide BC 
from Z unto A, and make the angle AZ Ecqualto 
rhcangleCB D by the 7 Problem 1 chapter, and the {idc 
C Dict from Z to MorN, and draw the parallel 
N.E dAty the 4 Probl. chap, which will interſeCt the 
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circle ZeX in E, ſo may you alſo draw the circle 
AESand compleat the triangle A E Z, in which th: 
ide E Z thall be equal toBD, theangle Z A Eſhall 
heequalto BCD and AEZ equalto BDC and may 
he meaſured, as hath been ſhewed. Yer in the (01t- 
tion of this Problem, it will be neceſlary, that the afle+ 
tion of the angle oppoſite to the other ſide be known, 
or ocherwiſe there will ariſe a double (olution, and 
both rue. 


FFROUUBLEAEM © 


Two angles and 4 fide oppoſite to one of them being Tives, 


to find the reſt 


JN the oblique angled Spherical Triavgle B C D, let 
there be given the angles BCDand C D B with 
the ſide C B. 


To find the fides CD and D B wich the angle Fig, x 


BD. 

Having drawn the primitive circle HZ B X, and 
the two diameters ZD Xand HD B, make the angle 
AZ EcqualtoBCD and the fideZ Ecqual toBC, 
25 hath been ſhewed, and the angle A BC cqual to 
CD B, and deſcribe the circle HC B whoſe Semidia- 
meter isC F. At the diſtance of D F deſcribe the circle 
LFG K, in which the center of the circle H C 3 muſt 
beſuppaſed to move , open your compaſles to the ex- 
tentotC F, and ſetting one foot of that extentin E, 
move the other about , until it cutthearch LFq XK, 
which will be in the two points F and G, and therefore 
the center of the circle, which conſtitures the third (ide 


ofthe triangle muſt be in one of theſe : in Fit the fide 
oppoſite to the cther angle given be more than a Qua- 
drant, in G if le(s, 

The triangle «AZ E b:ing thus compleated, the 
ide 4 Z ſhall be equal to C D, the (ide 4 Eto D &,and 
theangle AEZroCBD, and may be meaſured as 
tath been ſhewed- 


P A ()» 
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PROBLEM 6, 
7 he three angles being given, to find the ſides, 


N the Oblique angled Sphericaltriangle BC D, let | 
A there be given the angles B.C, and D, and let the © 
ſides B Cc. C D. and B Dbe inquired. 

To reſolve this Problem , the angles muſt firſt he 7 
turned into {ides y as hath been ſhewed 1a the 1 © of the © 
12 chap, 2 Part , and thenthe ſides may be projected , ; 
and the angles inquired tound , as hath been ſhewed in 
the » Problem of this chapter. f 

And thus we have breifly run over the DoQtrine of t 
Spherical triangles by the Stercographick or circular 2 l 
projeQion, as tor the variety of Queſtions which each FF i 
triavgle will afford, and the poſition of thoſe trian- F 1 
oles upon theGlobe , from whence the moſt uſcful® 
Problems whether Aſtronomical or Geographical are de-2Þ ti 
duced, the Reader raay be in ſome meaſure ſatisfied MY f; 
by what hath bcen ſaid inthe Uſe of the Globes; and 0 


necd not be again repeatcd here. I 
Burt inſtead thereof we will here adde two other: fi 
vſes of the Globe, which were omirted there, andpur-2F n 


poſely reſerved for this place , becauſe they may be *Y 
better explain'd by projeCtion then many words. | 
The firſt is, how to erct a Figure of the rwelve Hou- | { 
fes of Heaven, according to Regiemontanu , or that Þ ti 
which is called the Rational way, and now uſed by thetY ti 
the Iſtrologers of this age. ; I 
The other is how to deſcribe the ſeveral ſorts of! tl 
Dials that any Aat or plain is capable of. p 
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GHAT 1%, 
ToereC+ a Figure f the twelye Houſes 


0j Heawen, 


Mong the ſeveral wayes by which a Figure of 
Heaven may be erected, that hath now the 
beſt acceptance , which divideth the Equino- 
Qial into twelve parts by circles meeting ar 

the interſeftions of the Meridian and Horizon , and 
this way is by Regiomontanw called Modus Rationalis, 
[ ſhall not defend the Rationality of ir, but ſince ic 
isſ{o well liked, I ſhall here ſhew how it may be done 
upon the Globe ir ſelf and by projeQion. 

Thart a Figure of Heaven may be ere&ed uport 
the Globe it ſelf, there muſt be a Semicircle, (o 
faſtned to the Horizon at the jnterſc&ions there- 
of with the braſs Meridian, as that it may: be 
moved either higher or lower, and that uponeither 
fide of the Globe at pleaſure; upon a Globe thus tur- 
niſhed, a Figure of Hcaven may be ere&ed by the 
following direions. 

To find the Cxſpides of the twelve Cceleſtial Hou- 
ſes, the latitude of the place , the hour of the day, the 
true place and Right aſcenſion of the Sun, for the 
time propoſed.are (uppoſed to be given : Let therefore 
the latirude of the place be 51 4. and the giventime , 
the zoth. of March one hour atter noon 1660 the 
place of the Sun at that time being in Aries 10 degrees, 
anJ 32 hundred parts : and cheretore his Right aſcen- 
ſion deg. 9447, by the 10 Problem in the Ecliptical Trian- 
gle, chap. 14 in the uſe of th: Gl»be, unto which if you 
adde 15 deg more , for the hour given, the aggregate 
deg. 24-47 15 the Richtaſcention of the Medrnm C oli, 
or te:th houſe, and by adding of ;o deg, tothe Right 

B b Aſcenſion 
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Aſcenfion of the tenth houſe, the oblique afcenfion 
of the eleventh houſe will be deg. 54.47, and by the 
continual addition of 30. deg- the oblique Aſcenſion 
of the 12 Houſe will be 84-47 of rhe 1 Houſe 114.47, of 
the 2 Houſe 144.47, of the 2 Houſe 174.47. 

Now then to erct& a Figure of Heaven upon the 
Globe, clevate the Pole of the World deg. 5tr + above 
the Horizon , and the Sun ney Anh deg. 10.22, 
bring deg, 10.22 of V to the braſs Meridian , and the 


Iudex of the hour-circle to 12. And becauſeitis in © 


#229 
* 


the afternoon , turn the Globe Weſt-ward, tell the 


Index-point unto one hour after noon, then ſtay the ©: 


Globe in that poſition, and obſerve what degree of 


the Ecliptick doth cut the Meridian ( which 1n this ? 


Example will be of Y degr. 26-40) and that isthe © 
C«ſpeof the 10 Houle : and the degree of the Ecliptick, ©: 


v2. 14.11 &,which cutteth,the Horizon is the Cuſpe of * 


the Aſcendant ; And lifting up the: Semicircle before ©: 


deſcribed, till it paſs over 30 deg. of the Equater from 
the Horizon upwards it will cut deg. 19.32 of S, tor 


the Cuſpe of the 12 Houſe : and liſting up that Semicir- ! 
cle again till it paſs over 3o deg more of the Equino- ©: 


ftial, it will cur degr. 10.91 of It for the {jy of the 
1t Houſe, And turning this Semicircle of p-Mtion to 


the Welt-ſide of the Meridian, if you ler it fall towards 7 


che Horizon , till it paſs over : o degrees of the Equa- * 


tor from the Meridian, it will cur deg. 2<.27 ot x, 
for the Caſpe of the g Houſe ;. and lerring the circle oi 
poſition fall yer lower, till it pats over 3o deerecs 
more of the F 

the C»/peof the s Houle, the other {ix Houſes, are thc 
ſame degrees and parts of the oppafite fign:s; as ſhall 


quator ; it will cut deg. 3.81 of X for | 


be further exylain'd, in creCting the ſame Figure by 


projeQ ion. 


Havingdrawn the primitive circle HZ RN repre» #7 
ſenting rhe Meridian, and theewo Diamerers HOR, | 
and Z ON, fer off the height of the pole (deg. 51 3, 3 
from R unto !, ard trom N co Sand draw the Diame- 8 


rct's 3 
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J iexsP OS for the Axis ofthe World, and £O » for 
A the Equator : This done, the Right Aſcenſion of the 


FJ Mid-heaven being given as before deg. 24.47 , by the 
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Ecliptical triangle , :he 6 Probl you may find the Cuſpe 
of the 1 Houſe to he in deg. :6.4c of as before, and 
the Declination of deg 26.45 of V , by the 159 Prib”. 
of the ſame triangle, robe deg. 10.25, fer thereture 
deg. 10.25 from A unto B, and trom « to C, and draw 
the Diameter BOC and DO Eatr ght angles therc- 
unto. ' 

And becauſe the fourth Houſc is direQly oppobre 
tothetenth , that 1s, in deg. 26.40 of *, {er deg-26.45 
from C co F, a ruler laid irom E oF will cutthe Dia- 
meter B Cin G, and then you may draw F GH, as 
hath been direed , curting the Equator X O & in the 
point H, and ſo you havethethree points B HC, by 
which to deſcribe the arch of the Eclipticx B KHC. 

And becauſe the circles of poſition muſt cutthe E- 
quator at 3o, and 3o degrees above the Horizon , ſet 
zodegrees from & to L, and trom L ro M, a ruler laid 
from P ro L and M ſhallcut the Equator at Nand Q, 
and then you may deſcribe the circles of poſition 
HNR and HQR, make OS cqualOQ andO F 
equal ON, andſo you may deſcribe thecircles HTR 
andHSR, and where theſe circles doe curthe arch 
of the Ecliptick BK C there are the Cuſpides of the 
Czleſtial Houſes. 

Thus a ruler laid from V the Pole of the Ecliptick, 
to the interſeRions at X. TY. w.f,l. will curthepri- 
mitive circle in 4. b. c.d. and e. and the arches B a = 
BY.Bb=By.Bc=Bw .Bd=Bf.andBe = BZ 
being added to V B will give you the C#ſpes of the 1 1, 
12.1,2-and 3d. Houſes, the other fix are the ſame 


degrees and parts of the oppolite Houſes: as in the 


Table following, 
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Six Oriental Houſes. Six Occidental Houſes 
Io 26,409 V 4 26,40 &Q © 
T: 10.92 I Do 5 logt & © 
12 19.32 B\, oppojete Y) G I9.32 w | 
As Deg 24.11 {pointes 7 Deg. 14.11 & 
2 3.81 M) are $ 3.81 XK © 
3 25.27 9 25,37 K | 


In Arithmerical Calculation the heigth of the Pole | 
above cach circle of poſition is required , the which in 7 
this projeCtion, is cafily, found ; as if it were required ® 


to find the height of the Pole above the circle of poſi- 


tion HQR, the pole of that circle isr, and ſo you 7 
have the 3 points S - P to deſcribe thatcircle by, which ©: 
will cut the circle HOR at right angles in the point ©: 
1, andthe arch Pt is the height of the pole above that 


circle, and being meaſured according to the direfions 
alrezdy given, will be 47.46 degrees, for the twelfth 
and ſecond Houſes : in like manner the height of the 
pole above the circles of polition,for the 11 and 3 Hou- 
ſes Will be found tobe 32-18 deg. As for the Arithme- 
tical work , ſee the 16 chap. of the firſt Part of my A ſtro- 
nomia Britawnica , and thou wilt find ſatisfaQion, nor 
only in this, bat ſeveral waycs for pertcQing the other 
work allo. 
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ERAS... | 
Of the ſeveral ſorts of Dials. 


Un Djals are cither ſuch as ſhew the hour of the 

& day, by the ſuns alricude, or by his ſhadow, the 
hour of the day by the Suns altitude, is ſhewed 

by Quadrants., Rings, Cylinders, and ſuch like, 

of which wc ſhallmakc no farther mention hcrc. 
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[r is our preſent purpoſe to ſpeak onely of ſuch 


A Dials as fhew che honr by the ſhadow of a Gnomon, or 


Fylc parallel ro the Axis ofthe World, And theſe 
are all of them projeCtions of the Sphere upon a plain 
which lieth parallel to ſome Horizon or other. Ina 
Dial therefore that is projeed upon any plane, how- 
ever ſituate, the center thereof doth repreſent the cen- 
ter ofthe earth , and the Gnomon which 'caſteth the 
ſhade, repreſenteth the Axis of the World, and ought 
to point direAly to the two poles. 

The plains upon which theſe Dials may be proje- 
ted which ſhew the hour by the ſhadow of a Gnomon 
or Style, are of three ſorts, 

L Parallel ,co the Horizon, as is the Horizontal 
oneLly + 

2 Perpendicular to the Horizon, as are all ere&t 
plains , whether they be ſuch asare dire& North or 
Seuth, Eaſt or weſt, or {uch as doe decline from thoſe 
points of £ aft, Weſt, North and South. 

3 Incliningtothe Horizon,or rather reclining from 
the Zenith z- and theſe are direct proce reclining and 
inclining North and South, and reclining and inclining 
Faft and Weſt , or declining, reclining and inclining 
lains. "71 | 
How the hour-lines may be projetted upon all theſe 
ſeveral plains, ſhall be ſkewed in order, and firſt upon 
that which is paralle]to the Horizon, and therefore 
called the Horizontal plain : In which as to the Dial, 
it will be ſufficient to projet the Meridiansonely, bur 
becauſe we intend this as the foundation of the reſt , 
we willſhew how all the ſeveral plains are repreſcnted 
uponthe Globe, as ir may be projected upon the plain 
of the Horizons 
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CHAP. VI. 
To proje& the Meridian or hour-lines upon 


the Horizontal plain, with the other 
lines uſual in that projection. 


Upfoſe the Globe bei ng elevate] to the height of 
the pole, to be preſſed lat down into the plainot 
the Horizon , then will the ourwatd circleor 

Itmb N*E $ W. reprefent that Horizon, and all the 
circl&s conteined in the upper Hemiſphere of che Globe 
may be artificially contrived and repreſented thereon, 
as the Meridians, Azimuths, Almicanters, Parailels, 
Equator, Ecliptick, Tropick, Circles of poſition and 
(uch =_ , the whichin this proje&ion are thus diitin- 
uithed. 
0 Ler Z be the Zenith of the place, and center of the 
fundata:netal and horizontal circle NEZ W, let 
N Z $ be the Meridian, Þ the poleof the World , cle- 
vatcd above the North part of the horizon N , here at 
London 51.53 the complement whereot is Þ Z 38.47 
the diſtance berween the pole and the zenith, EZ W 
the prime vertical, or a circle paſſing from the Eft 
through the zenith tothe #:f point of the horizon, 
DZG and C Z V ſomeother intermediate azimuths, 
N OS acircle of poſition, EK W the Equator, the 
diſtance whereof from Z is equal to Þ N the height 
of the pole , or from S equal toP Z the,complement 
thereof, MB Q X the Tropick or parallel of (arcer, 
AF Hthe Tropick of Cavricoyn , the reſt of the circles 
inrerſcAing cach other inthe point P are the meridiy 
ans or hour-c.rcles cutting the horizon and other cir- 
cles of this Diagram ſo in the Scheme as they do inthe 
Globr' ic ſelf. 
wo Amongſt 
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Amorgft theſe, th: Azimwtis onely in this proje- 
on become ſtraight lines, all the reſt remain circles, 
and are greater or leſſer according to their natural G- 
tation in the Globe. By the ſtraight lines are repre- 
ſented all creR plains, whether Diret or Declining : 
by the great circlesall the reſt, both jacent , reclining, 
and declining reclining which for more plaincſs ſake, 
may berhus particularly deſcribed: . 

EZ W the prime vertical, or azimuth of Eaſt and 
,.f, repreſenteth all South and North plains, which 
are perpendicular to the horizon , and croſs the meri- 
dian in the zenith at right angles; NZ $Sthe meri- 
dian. or azimuth of South ani North repreſeuteth all 
Eaſt and Welt planes which are perpendicular tothe 
horizon , as the former , and cutteth the prime vyerti- 
cal in the zenith at right angles: D ZG anazimutrh 
lying between theſe cardinal paints, repreſeatethany 
declining plane, which is alſo perpendicular to the 
horizon , but cutterh the meridian inthe zenith at ob- 
lique angles » from whence the polcs and axis of the 

lane CZ VY deviateth as much as the plane ir (elf 

Z Gdecclineth from the prime vertical, and theſe be 
all the varieties of cre planes. 

Therearec further more three ſorts. of reclining and 
inclining planes, and they are cither Nyrth or Souch 
reclining, or Eaf and Ye} reclining, or declining re- 
clining planes. 

The firſt ſort, 1s repreſented by the equator EK VY, 
which cutteth the meridian at rightangles , but rc- 
clineth from the zenith deg. 51 .5 3 cqual ro the laticude 
of the place , and lyeth open to the Worth, and the 
poles thereof inthe North partot the meridian, there- 
fore called a North reclining 51.53 tromZrok, it 
you {uppoſe tnis circle to be turned over, it will fall 


berwecn. N and Z and repretent a South! recliuing as: 


much. 


The {:cond ſort is repreſented by thecircle of poſi- 
tion or prickt circle NO $, which cutteth the prime 


VCItit- 


vertical at right angles , but reclineth from the zenicl, 
20 degrecs , : 1d Iyeth open to the Eeff, and the poles 
thereot in the Eaff part of the prime vertical, therefore 
called an £f* reclining 40 degrees from Zto O: it 
you ſuppoſe this circle to be turned over,it will fa!l be. 
tween Z and E, and repreſent a eff reclining as 
much. 

The third ſort is repreſented by the pricked circle 
DLG which cutting CZ V the azimuth and axis of 
the plane D Z G atright angles in L is oþliqueto all 
the reſt of the circles, bur reclineth from the zenith 
35 des. and iyeth open tothe North, as the former, 
and the poleFthercof inthe Northern part of the Hea- 
vens, therefore called a Nerth reclining 35 deg. from 
Z to upon the Azimuth pafling by the poles of the 
plane CV declining 3odegr. fromNandSto C& V,; 
if yon ſuppoſe this circle to be turned over, it will fall 


wy 
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between G and Z and repreſent a South reclining decli- © 


ning as much. 


The inclining planes of all ſorts arc but the oppo- | 


ſite {iJes of the reclining , being the ſame counted ©* 


from che zenich and nadir or rhetr complements, rec- © 
koned from the Horizon, an4 are repreſented by the * 
very ſamecircles, the reclination and inclination of * 
both being arches of the ſame azimuth, paſſing | 


by the poles of the plane , comprehended berwixt the © 
zenith or nadir and the plane, as is Z K forthe North | 


dire&t*, and Z L for the Nth declining, ſo that 


> we 3 * 
6 _ 


whatſoever ſhall be ſaid of the one, may alſo be un- © 


derſtood of the other reſpeRively. 


'The jacent plane or Horizontal chiefly intended in ' 


this Diagram is repreſented by the limb, or outward 
circle ot the Scheme NES VV. 

Laftly , the circles crofling each other in the potnc 
P, and continued. to the Horizon, arethe Meridians 
or hour-circles, iſſuing trom the North pole, and pro- 
perly interſefting the North fides of the planes E Z VV 
and D 2 G,whenloeycr therefore you deal with South 


planes Þ 
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planes you may turn the Scheme abour, and ſuppoſe 
Pro be the Soxrh pole, and EZ W to be a South plancs 
which before was a North , or elſe invert the order of 
the ſides and hours, taking the Eaſt (ide tor the zeſt, 
&c. and it will ſerve theturn as it tands. 

The making of this Scheme is ealie, open your 
Compalley to the extent of 60 degrees in your line of 
chords, and with that Semidiamcter draw the circle 
NESW ; croſs itat right angles in Z withthe lines 
NZSandEZW ; thatdone, becauſe this circle re- 
preſenreth che Horizon , the ccater rhereot the Zenith z 
thediamerer N Z S the Meridian , before we can pro- 
ceed any turther , we are to know at what diſtance the 
parallels are to be ſer from the center, Ir is meet there- 
fore firſt to enquire the ſame thing inthe Sphere (v:z.) 
how many degrees each parallel of the equator doth lie 
from the Zenith of the place, both on the South and 
Nerth parts of the Meridian. 

Inthis Scheme the work will be plain, let the cir- 
ce bh Z H D repreſent the Meridian ſuppoſe of Loxor, 
Zthe Zcnith P the pole, & H the Horizon, & «the E- 
quator, A C the Tropick of Cancer, B D the Tropick 
of (apricorn; cach declining 23 + degr. from the Equa- 
tor & & , the Queſtion now is , how far the pole at P, 
the Equatorat &@ , and theſe two parallels arc from 
the zenith point Z both wayes, towards A B the South, 
and towards C D the North ? for anſwer , we muſt 
conſider, that from Z to X Southwards is the latitude 
of the place (as of London it you will 51 4deg.) and 
from Z. to & Northward is the complement of the la» 
titude to a Semicirclev:z.128 £d.& theſe areche Sorurh 
and Nert/ diſtances of the I:quator trom the zenirh,or 
beginings of «Aries an! Librs4, Now therefore to 
draw the circle E K \W repreſenting the Equator, take 
irom your (calc the tangent of 23.75 des. the half of 
51.59 Gegr. and fer them from Z, to K Southward , 
anu the rangent of £4.25 deg. the half of 128,50 dep. 
anlict them from Z to RK Northwards, in T the 
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middle between theſe two ſhall be the center of the 
circle EK W repreſenting the Equator ; or thus, ha- 
ving found the point K by the tangent of 25.75 deg, 
the tangent of the co-latirude 38.50 deg.being (et from 
Z Northward , or the Secant of the latitude of 38.55 
deg. being ſet from K Northward ſhall give the center 
of that circle at T, as before. x 

And todeſcribe the parallels A Cand B D we muſt 
conſider that A & 
and A B.and ſoC « 
and & D doe upon 
our ſuppoſition de- 
cline 23 4 deg. from 
the Equator. Sotheu 
it we take 23> Out 
of & Z. the latitude 
of the place 51:, 
there will remain 
AZ. 28 des. andſo 
much 1s the paral- 
lel of Caxcer diſtant 
from- the zenith ar 
London on the Soxth part of the Meridian, 

Again, becauſe Z @ is 12e5 deg. and & © 22 {degr. 
taking e C out of & Z, there will remain.1og deg. and 
ſo much is the ſame parallel of Caxcer , diſtant from 
the zenith on- the North part, and hence the Tropick 
of Cancer may be thus deſcribed, I he tangent of halt 
28 des. that is, of 14 (ct from Zumoy ,, giveth the 
point x inthe Meridian, and the tangent of halt os (. 
that iSy 52 4 (et from Z unto 6 will give the poin: 5 on 
the North part of ths Meridian and 6 y is the diameter 
of the circle, and a » the halt hercot is the radius 

To deſcribe the Sel parallel BD , belongingto 
Capricorn, add Z, & 51 3 deg: to £ B23 5 deg. the tum 
i<75 deorecs, {hewing the diltance of Cavr:cors from 
, the zeaith ow the S-wh part of the Meridian , tob- 
15 deg. and Le 128% eg. aud to DP 23 ;deg. gives 
the 
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thediſtance of the ſame parallel of Capricors from the 
zcnithro be 152 deg and the tangent of half 75, that is, 
of ;7 5d. ſet from Z untoF giveth the point F on the 
South part of the Meridian, and the tangent of half 
152, that is, 76deg- ſet from Z upwards will giverhe 
ather point of the diamerer the halt whereof F cis the 
Radius. 

The ſtraight lines CZ V or D Z Gare put upon the 
limb, by help of the chord ;o deg-diltant from the 
cardinal points NES W and mnſt croſs cach other at 
rightanglcs in Z , repreſenting two azimuths cquidi- 
ſtant from the Meridian and prime vertical, 

The center of the circle of poſition NO $ reclining 
46 deg- from the zenith, may thus be found , the tan- 
gear of halt the reclinarion, that is, of ze deg, will give 
the point O - and the ſecant of the complement of re- 
clination, that is, of ;0d, will reach from O unto 4 the 
center of that circl2. 

In like manner, the center of the circle D LG, re- 
clining from Z unto L 35 2g. may thus be found, the 
tangent of half 55 degr. that is, 17 4 degr. ſet from Z 
unto L, will give the poinc L inthe Azimwuthcircle 
CZ V, and the ſecant of rhe complement of 35 degr. 
that is, of 55 deg. ſer from L towards C, will give thc 
center of that circle. 

Laſtly, the Meridians or hour-circles are thus to be 
drawn, the diſtance between Z rhe zenith, and P the 
pole of the World is 38 & deg. and the rangent of the 
halt thereof , that is, of 19 + deg. ſet from Z North- 
ward, will givethe point P in the Meridian , and the 
ſecant of the latirude 51 4 deg. ſer from P Southward 
will give ms the center ot the 6 of the clock hour circle 
WPE, anda linc drawn at right angles tothe Meri- 
dian NS onthe point »- , ſhall be a tangent line to the 
Radius P »z, and the line in which the centers of the 
other hour-circles will fall , rhat is, the tangent of 15. 
30. 45. 60 and 7; degrees, bing ſet upon that line 
tromthe point » both waves , that is, 25 ftromm to 5 
OE. ang 
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and 7 , and 2ofrommto4and 8, will give the truc 
centers of thoſe hour-circles; thus 5 upon the line $ 
m 4 is the center of the hour-circle 5P 5, and 5 is the 
center ofthe hour-circle 7 ? 7, and (o of the reſt, 

But becauſe this way doth preſuppoſe a tanoent 
line fitted to the Radius, the centers of theſe hour:cir- 
cles may be otherwiſe toun4 in this manner , make 
Pm, or any other extent tie Radius, and upon the 
point Þ deſcribe the «circle #»»» q, and dividethe Qua- 
drants 4, and m » into 6 equal parts,a ruler laid from 
P to thoſe diviſions, ſhall cur the line 8 m4 inthe cen- 
ters of the hour-circles,as before. 

Or, the inter{eRions of the Meridians with the Hos 
rizon may thus be found : Having deſcribed the E- 
quator REK W, as hath been ſhewed, divide the 
primitive (which in this caſe is the Horizontal) circle 
into 24 cqual parts, a ruler laid from Z. the center of 
the Scheme to thole equal diviſions will divide the E- 
quator into 24 unequal parts; and a ruler laid from P 
the pole of the world to thoſe unequal parts in the E. 
quinoCial, will cur the primitive circle into 24 un- 
equal diviſions alſo, the lines drawn from Z through 
thoſe diviſions, ſhall be the hour-lines of that Dial, to 
which there is nothing wanting but the Cocke or 
Style, whoſe height above the plane will be equal ro 
the Jatirude of the place, and ftand direQaly over the 
lineZ$Sor noon line. 

T he projettion of the North and Sub Dials direct 
isthe (ame with the Horizontal, ſave onely thatin 
theſe the diſtance trom Z the Zenith, ro Pthe pole of 
the world muſt be equal to the co-latitude, whereas in 
the Horizontal it was equalto tae height of the pole; 
what hath been theretore {aid of th: horizontal, is tg 
bcunderſtood of theſe allo, 
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\ CHAP. VEIL. 
ia 


[ proje&t the Hour lines upon the Eaſt 
and Welt planes direG. 


: ; 
F T Dials' doe lie in the plane of the Meri- 
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dian, and the hour-lines are parallel to the 

Axisof the world, and have therefore no 

centers , but may be deſcribed inthis man- 

* incr, Having drawn the primitive circle ZES VV 

* | repreſenting the meridian , and the two Diameters 

> ZAS,and VV AE, make EP cqual to the latitude 

of the place ſuppoſe 5 1 4 and draw the Amis P A B and 

ACAV at right angles therenato : this done, divide 

the primitive circle into 12 equal parts beginning at 

> PorB, a ruler laid from P or Brothoſe diviſions, 

ball cut the Equator in the points D, E. V. G. H.K. 

| 1nd C, and right lines drawn through thoſe points pa- 

* \ralleltrothe Axis PA B ſhall be the hour-lines of this 

= Dial, the Axis it (elf being the hour of 6 , andthe ſub- 

> iter line. It icbe an Eaft plain,you may have all the 

# jnoraing houres, as here you (ce, it a eſt, this plane 

vill hold the hours from noon to Sun-ſet, the height 

* Jof the Stile above this plane is alwayecs equal tothe 

* IRadius of your circle, and muſt ſtand direQly over the 
- JlineP B,or Axis'of the world, 
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| CHAP, VIIL 

* {lo projet the hour lines upon a South or 
1 North plain ereSt,declining Eaſt or Welt. 
CIR Veryere&plain licth under ſome Azimuth or o- 


; l; ther, andtheſeonely are faid ro Pecline which 
fer from the Meridian andprime vertica), this plznc 
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in the Horizontal projet ion , is repreſented by the 
righcline GZ D the poles whereof are C and V , the 
declination thereof from the Seth Eaſterly let be 
D E or North weſterly W G 45 degrees. Now the hour 
lines of this Dial may be thus projefted upon the 
piane it (elf. 

Having drawn the primitive circle ZEN W, and 
the two Diameters Z A Nand VV AE, fer off the 
de. lination given 45 degrees from W unto B, a ruler 
laid from Z, unto B ſhall cut the Horizon in C, {ct 
WW B from N unto D, and from D unto E, a ruler laied 
from ZroD, and E ſhall cut the Horizon W A Ein 


G the pole and E the center of che Meridian circle 8 


Z CN, the diſtance of the pole of the World trem 


the zenith, 38 + deg. ſet from ZuntoK , aruler laid F 
from G to K ſhall cut the Meridian in P the pole of the | 
World, and aline drawn from P through the center ! 


at-A, ſhall be the ſubſtile; from Erthe center of the me- 
ridian Z CN ; draw the line E Lat right anglcs, to 


the ſubſtiler , which ſhall be the rangent line of your 3 


plane in which the center of all che hour-circles muſt 
tall : And are cafily found in this manner, upon P as 
a center, deſcribe a circle at what extent of the com- 


palles you think beſt, ſuppoſe P L, this ciccle muſt * 
be divided into :4 equal parts , beginning your divi- Þ 


lion where a ruler laid from P the pole of the World 
to E the cearter of the Meridian ſhall interſeR this new 


deſcribed circle, as here in the point M, here therefore * 


I begin to divide rhe circle, and the diſtance fromM 
to Q is the firſt divifon, and a ruler laid from ÞP to Q 
will cut the tavgeart lines in.the point I which isthe 
center of the firit hour trom noon wiz. 11, or 1 a 
clock, E brcing thecenter of.12 a clock (and here the 
vertical circle) and (o of the reſt : your Scacme being 
thus tarniſhed with the Meridians or hour-circlcs, a 
ruler laid trom the center A to theſe (everal interſe 


ions with the primitive circle,or circle of the plan” Þ? 
and ſtraight lines extended thereby wall be the true # 


hour-lincs required. Bute 
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But becauſe the centers of ſome of the meridians ot 
© hour-circles, will many times fall very remote, and 
7 beyond the extent of an ordinary ſheet of paper , we 
2 will here ſhew another way for the deſcribing of them 
by which that inconvenience will beat leaſt in part 
prevented. 

By what hath been already ſaid , the pole of the 
meridian at G is alrcady found, which is the #:/t point 
of the horizon , ina North plane declining Zaft, and 
the Eaſt point in a North plane declining #«{t; and 
therefore to deſcribe the Equinottial cannor be diff» 
cult, for conſidering,that the Equino@jal inthe Globe 
£7] doth alwaycs paſs through the Eaft or Weſt points of 
7 the Horizon, and cutteth the meridian at right angles 


= inall Latirudes , and that the pole of the meridian is 


4 alwaycsin theſe Dials cither the Eaſt or weſt point of 
the horizon the Diameter and Semidiameter of thar 
circle is eaſily found , by che 4 Problem of the 1 hereof : 
by making ZH=ND, and drawing a linefrom Z. 
through H till it cutthe horizon W A E continued , 
the diltance from G to that interſection being biſe- 
cd , and a perpendicular raiſed upon. the point of: 
biſetion to the horizon ſhall interſeCt the Axis in the 
center of the EquinoGial\, or the Exff and Vet being: 
thus found , it you make WR:=ZK, aruler laid 
from Gunto R, will cutthe meridianinS, and fo you 
have the three points, to wit , the Eaſt and Y*ſt points: 
and the point $, by which to deſcrib2 the Equina@tial, 
and a ruler laid from P the pole of the World to S, the 
incerſeftion of the Equinottial with the meridian will. 
cut the primitive circle in that point where you muſt 
begin co divide it into 24 equal parts, and a ritler laid 
trom A the center to theſe -qual diviſtons will cit the 
Equinoctial into 24 unequal parts, a ruler laid irom P 
the pol-yro thoſe unequal divitions of the Equi:ro&tia! 
will cut the plane or primitive circle into 24 uneq ta! 
parts, or poin:s 1n which the meridians or hour- 
circles will cutthe plane , by which points they may 
be. 
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be drawn without finding the centers, by help of a 
ſteel-bow , the form and uſe whereof is ſufficiently 
known. 

The hour-lines being thus deſcribed Þ V is the 
height of the ſtile , which being meaſured according 
to Art, muſt ſtand over the ſubſtileP L, making an 


angle therewith at P equal ro the height rhereof , and 
this Dial is allo finiſhed. 


PW Bs © 


To project the bour-lines upon any dire 
plane reclining or inclining Eaſt 


or Welt. 


Itherto we have ſpoken of ſuch planes, as are 
either parallel or perpendicular to the Hori- 
z0N, all which exceptthe horizontal , doe lic 
in the planc of ſome Azimuth or other. The 

reſt that follow are reclining or inclining planes , ac- 
cording to the reſpe& of the upper or neerer faces of 
theplanes, in thoſe that recline, the baſe is a line in 
the plane parallel tro the Horizon or Meridian, and al- 
waycs ſituate in ſome Azimuth or other : thus the 
baſe of the Eat and weft reclining planes lie in the 
meridian or South and North Azimuth, and thepoles 
rhercof inthe prime vertical, but the plane ir (elf in 
ſome circle of poſition (as itis Aſtrologically taken) 
which is a great circle of the Sphere , paſſing by the 
North or South interſeRtions of the meridian an hori- 
8 ON, and falling Eaft or V./# from the Zenith upon 
the prime ver:ical 2s much as the. poles of the plane 
are clevatzd, and depreſled above and under the hori- 
zo0n; This is repreſcaced intne horizo! tal projetion 


by 
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by the "circle NOS, and the hour-lines upon this 
plane may be thus projected. 

Having drawn the fundamental eircle NESW 
repreſenting a Weſt reclining plane 35 deor. and the 
two Diamerers N A Sand W AE, (ct oft the reclina- 
tion from N toB, from W co D,and from Do L . 
aruler laid from W to B ſhall cut the line NS in 7 
the Zenith , and a rul:r laid from F to D and Lfhall 
cat the ſame lineN SinFrhe pole, and C rhe centcr 
of the meridian circle W ZE, and the co-ſ{ecant of 
the reclination ſet from F upwards, will give the cen- 
ter of rhe horizon W F E. : 

To find where the pole of the world ſhall fall, ſer 
the elevation thereot from W to H 51+, aruler laid 
from F the pole of the meridian unto H , will cut the 


meridian in P the pole of the world , and the line P A 


ſhall be the ſubſtile. 

From C the ceuter of the Meridian draw the line 
CK perpendicular to the ſubſtile PF, and at any di- 
ſtance ſuppoſe of ÞP K deſcribe a circle upon the point 

h muſt be divided into 24 equal parts, (as 
was (aid in decliners) and a ruler laid from P the 
pole of the world to C the center of the Meridian will 
cut that circle in M, at which point you muſt begin 
todivide, a ruler laid from Þ to thoſe diviſions will 
cut the tangent line CK being extended in the centers of 
the meridians or hourcircles, which may be otherwiſe 
drawn by help of the Equino&tial, as hath been ſhewed 


| in Decliners ; as to the perfeQting of this Dial there is 


nothing wanting but the height of the pole above the 
plane , repreſented by P Q,and being meaſured as hath 
been ſhewed , is the height of the file,which muſt be 


! erected upon the ſubſtilar P A,and the Dialis finiſhcd. 


F!7 14. 


To proje& the hour-lines upon any dire& 


South reclining or ixclining plane. 


ning planes doe alwayes lic in the meridian 

of the place , or parallel thereunto, and the 

poles in the prime vertical; ſo doth the baſe 
of S»uth and North reclining or inclining planes lie in 
the prime vertical or Azimuth of Eft and Weft, and 
their poles conſequently in the meridian. Now if you 
ſuppoſe the circle of poſition (which Afſtrologically 
taken is fixed in the interſcftion of the meridian and 
Horizon ) to-move about- upon the Horizon, till it 
comes into the plane of the prime vertical , and being 
fxed inthe interſe& ion thereof with the horizon , to 
be let fall cither way from the Zenith upon the meri- 
dian itſhalltruly-rcpreſent all the Seth ani North 
reclining and inclining planes, of which there arc 
{1x varieties, three of Soxth, and three of North recli- 
ning; for cither the Seth plane doth recline juſt to 
che pole , and then it becomes an EquinoCtial, becaulc 
rhe poles of this plane doe thea lie in the Equinottial, 
ſome call it.a polarplanc : or elſe it.reclincth nore 
and leſs than the pole, and conſequently the poles of 
the plane arc above and under the EquinoCtial , ſome- 
what differing trom the former. 

In like manner, the Ner:h-plane reclineth.cither juſt 
to the EquinoCtial,and thea it becometh a polar plane, 
becauſe the poles of that plane doe lic in the poles ot 
the World; {ome termit an EquinoChal plane. Or 
elle 1t reclincth more or leſs than the Equinotial, and 
c@ulcqueatly the polcs of the plans arc abuve w 
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\ © the baſe of-Eaft and FeF reclining or incli- 
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under the poles of the world, ſomewhat differiug trora 
the former. 

The firft of theſe varieties, which I call an Equino- 
Qial plane, is inthe horizontal projeftion, repreſerved 
by the (ix of a clock hour-circle EP W, wherein you 
may obſerve out of the Scheme ft ſelf, that none of 
the other hour-circtes doc cur the ſame, ani therefore 
you may conclude (as to the 7 Chap.) that the hour- 
lines thereof have no center to meet in, but muſt &e 
parallel ro one another, as hath been ſhewed inthe 
Eaſt and weſt Dials- 

And becauſe this Dial is no other but the horizontal 
of a right Sphere, where the Equinoial is zenith , 
andthe poles of the world in the Horizon, theretore ic 
isnot capable of the {ix a clock hovr (ng more than 
the Eaſt and Weſt are of the tz clock hour ) which 
vaniſh upon the planes , unto which they are parallel: 
and the 12 aclock hour is the middle line of this Dial 
(becauſe the meridian cutteth the plane of (ix a clock 
at righzangles) which the Sun attcineth nor till he be 
perpendicular to the plane. This Dial is to be made 
inall reſpeQs as the Exft and Weſt are, oncly changing 
the number of the hours: for ſeeing the 6 a clock hour 


| in which this plane lieth, crofſeth rhe 12 a clock hour 


at right angles, in which the Eaſt and weft plane lieth, 
the reſt of the hour-lines will have cqual reſpeC& unto 
them both ; ſo that the fifth hour trom 6 of the clock 
is equal to the fifth hour from 12, the fourth to the 
fourth, and ſo of the reſt; and therefore the hour-lnes 
may be projected upon this plane by thoſe directions 
already given, in the Eaſt and Feſt Dials, 

T he ſecond variety, is of a South plane reclining from 
the zenith leſs than the pole, this might: have been 
repreſented in the horizontal projetion by a circle 
drawn like the fix a clock hour, but betwcen the pole 
of the worid and Z. the zenith ofthe place , upon the 
plane it ſelf the hour-lines may be thus projected. 

Having drawn the + wt circle NESW, 

d 2 repres 
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Fig. 15+ tepteſcnting a South reclining plane 25 degr. and the 


two Diameters NASandE A W ; ſubtratt the re- 
clination given 25 degrees from the diftance of the 
pole of the world from rhe zenith , which 1n our lati- 
rude of London is 38 £, and their difference is 13 - 
which ſet from-S unto B, from W unto C, and from C 
unto D, aruler laid from E unto B, will interſe& 
the meridian NS in Þ the place of the Soxth pole, 
and a ruler laid from E unto C and D will give 
the pole of the 6a clock hour-circle at F, and the cen- 
ter at G, the centers of the other hour-circles will fall 
in the Tangent C H drawn at right angles to the point 
G,and centcr of the 6 a clock hour-circle, as hath been 
ſhewed in the horizontal, SP is the poles elevation or 
height of the ſtile, according to which the cocke of 
the Pial muſt be placed over the ſubſtiler-lineN A S, 
and the Dial is ftniſhed. 

The third variety , is of a South plane reclining from 
the Zenith more than the pole , this might have been 
repreſented in the horizontal projetion , by a circle 
drawn like the ſix a clock-houre, but between N the 
North parc of the meridian, & Þ the pole of the world, 
upon the plane it ſelf,the projection of the hour-circles 
is ſo like the former , that more nce4 not to be (aid of 
ir, onely note, that in theſe the N»rth pole will be cle- 
vatcd , the South inthe other, and - ro fin | 
the place cf P the pole of the world , you muſt ſub- 
traſtthe diitance of the polc from the Zenith , which 
{uppoſe to be 38 Las before, from the reclioarion gi- 
ven which let be 35 degr. the remainer 1s 16 4 thedi- 
ſtance of the North pole from the interſeftion of the 
Meridian with the planc or primitive circle: the reſt 
It the work is the ſame with the former, aiid theretore 
ueederh no further. direction. 
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CHAP. XI. 
To proje& the hour-lines upon any dire& 


North reclining or anclining plane. 
j the plane may recline from the Zenith juſt 
to the EquinoCtial, and then is a polar plane, 
as I called it before, becauſe the poles of rhe plane lei 
in the poles of the world ; or elſe the plane may re- 
cline more or leſſethan the EquinoCtial , and conſe- 
quently their poles doc fall above or under the poles 
of the world, and the hour-lines doe likewiſe difler 
from the former, 

T he firſt variety is of a polar plane, or a plane recli- 
ning juſt to the EquinoCtial, the projeRtion whereof 
is ſocafie , that nothing need be (aid of ir, for a circle 
being divided into 24 equal parts , and lines drawn 
from the center to thoſe diviſions, ſhall be the meri- 
dians and hour circles, the ſtile or Gnomon , muſt be 
a ſtraight pin or wier perpendicular to the ceater, and 
the Dial is finiſhed. 

The ſecond variety is of a Northplane reclining leſs: 
than the Equator, and might have been repreſented 
inthe horizontal projeCtion by a circle drawn like the 
EquinoRial,but between the Zenith and the Equino- 
fial circle ; to Projet the hour-lines upon this plane, 
adde the reclination which {uppole to be 25 deg. unta 
thecomplement of the poles elevation, thar is in our 
latitude of Loxdon 38 4, their ſum is 63 {the height 03 
the pole above the plane, which known the hour- 
lines, and other necel[aries may be Projefted,as inthe 
Horizontal Dial hath bcen ſhewed. : 

D d 3 qT 18 


4 


He dire& North reclining planes have the 
ſame variety that the Se#th had ; for either 
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The third varieties , is of a North plane reclining 
more than the Equator , and might have been re- 
preſented in the Horizontal projeftion alſo, by a cir- 
cle drawn like tothe Equinottial ; but between the 
Somth interſeftion of the Meridian with the plane and 
the Equinaial circle , ro projet the hour-lines 
uponthis plane, you muſt conſider , that becauſe the 
Equator cutteth the Axis of the world at right angles, 
all planes that are parallel thereunco, havetlie height 
of the ſtile full go degrees above the plane: and by 


how much any plane reclineth from time Zenith, 


more than the Equator, by ſo much leſs rhan go is 


the height of the {tile proper to it, and- therefore if # 
you adde the reclination to the diſtance between the } 
ole and the Zenith , the complement of their ſum ® 


1s the poles clevation, as if the reclination from the 


' Zenith were 70 degrees, and the diſtance between the T7 


poleand the Zenith 384 as before, there ſum is 108 + 
whoſe complement to a Semicircle 1s 71 ;the height 
of the: pole above the plane : which being thus ob- 
rein'd,; the hour-lines upon this Dial may be alſo 
projected, as hath been ſhewed in the Horizontal. 

Lafth, as all other planes have two faces reſpeQing 
the contrary parts of the Heavens ; ſo theſe recliners 
have oppolite ſides, looking downwatds tothe Nadir, 
and they are called incliners, and may be therefore 
projected by the ſame rules, or rather they arc both 
——_ at once; for a North recliner more than the 
Ic 


uinoCtial, is alſo a Sexth incliner , ard ſo of the 'L 
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CHAP. XII. 
Ts proje#t the honr-lines upon a declining 


reclining , or declining inclining 


plane. 
DE reclining planes have the ſame va- 


—— 


rictiesthatare inthe North and South recli- 
ners ; for cither the declination may be ſuch, 
that the reclining plane will fall juſt upon 


3 thepole , and then it is called adeclining EquinoGtial; 


or it may fall above or under the pole, and then itis 
called a Sonth declining Exft and #eft recliner : On 


®* the other fide , the declination may be ſuch, thatthe 


redining plane ſhall fall juſt upon the interſe&ion of 
the Meridian and Equator ; and then it is called a de- 
dining polar ; or it may fall above or under the ſaid 


* interſection, and then it is a North declining Eft and 


Weſt rechiner, 
The three varieties of South recliners may be repre- 


> ſented upen the plane of the Horizon by three circles, 


one falling between the Zenith and the pole of the 
world;another juſt upoa the pole; and a third between - 
the pole and the Horizon : and the particular pole of - 
cach plane is ſo much elevated above the Horizon 


$ 2s the plane it ſelt reclines from the Zenith. To ' 


fir a reclining plane juſt tothe pole, to any decling- 
tion given , or any reclination given to find the de- 
clination proper to it, as hath been ſhewed in the 
11 Probl, of the 2 chap. of the 2 Part of my Mathema- 
tical Inficution , it ſhall ſuffice ro ſhew-here how the” 
hour-lines may be projeted upon a declining recli- 
ning plane inany Jaticude the declinatioa and reclina- 
tion being given. | 

[nt 


Fig. 16. 


7, the latitude 


51 +, let it be required to projett the hourlines upon 4 


South plane declining Eaſt ZO deg. reclining 2O deg, 
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London , where the Notth pole #s elevated 


« 
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Having drawn the fundamental circle , and croffed 
it with Diamcters as before, (et oft the reclination 
20 degrees frotty B unro C , ard from DamtoF; a ruler 
laid from W to C, ſhall cutthe Diameter B A DinZ 
in the zenith, and a ruler laid from W to F ſhall cut 
the ſame Diameter extended in N the Nadir, ſo have 
you two points given through which the meridian 
muſt paſs; a third point will eaſily be had it firſt you 
draw. the: Horizon, which diftereth according to the 
reclination, the reclination therefore being ſet from E 
toG, a ruler laid trom W to G, will cut the Diame- 
ter BADinH, ſohave you the three points E HW 
to deſcribe the horizon by ; or the reclination being 
ſetfromBroK, and fromKroL, arulerlaid from 
W to L will cut the Piameter B A D in the center of 
the Horizontal circle EH W : then ſet the planes de- 
clination given from D to M (that is weſtward becauſe 
the plane declineth Exft) a ruler laid from Z to M ſhall 
cat the Horizon in Q, which is the third point by 
which to deſcribe the meridian N QZ. , the center 
whereot will be inthe point R , and a ruler laid from 
R to A thetenter of the primitive circle will cut the 
Horizon in S the pole of the meridian, and a line 
drawn thereby, it extended beyond the primitive cir- 
cle will give the point T the Peſt point of the Horizon, 
and EquinoGtial- A ruler Jaid from S the pole of 
the meridian to Z the Zenith, wil! cut the primitive 
circlein V, make V X equal to the diſtance of the 
North pole from the Zenith 28+, a ruler laid from $ 
to X, ſhall cut the Merian in Y the Nerth pole, arulcr 
d ftrom S to N will cut the primitive- circle 114, 
make a6 equal to V Xa ruler laid from $ to 6 will cur 
the meridian in dthe Soxth pole. An4 to deſcribe the 
EquinoCtial, we have given Sand T che Ef & weft 
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inrs, chthe Horizon through which i muſt paſs a4 
becauſe it muſt alto cutthe meridian ar Right angles, 
aad be go degrees from-cither pole, a ruler laid trom 
S the pole of the meri.lian to z the North pole, will cur 
the primitive circle inX, make W «+ equal to BX, 
which will beallo cqual to D 4, if there were no for- 
mer errour inthe work, a ruler laid from Sto: will 
give the point f in the meridian ; which is the third 
poiat by which to deſcribe the EquinoQtial it you 
think fit. 

A line drawn from ytod is the Axis of the world, 
whicly being biſeted , a right line drawn at right an- 


4 gles in the point of biſetion ſhall be che rangenr line in 
=> which the ceaters of the meridians or hour-circles will 
FP fall, and it rightly drawn will paſs through the ccater 


= of the meridian. 
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If you deſire. the centers of the meridians in the 
tangent-line , ſet one foot of your Compaſles in thar 
pole which is clevated abovethe plane , and take the 
diſtance of the interſe&ion of the tangent line with the 
Axis as at h (or any other diſtance) and therewith 
deſcribe a circle, where a ruler laid from the center of 
this circle tothe center of the meridian ſhall interſc& 
this new inſcribed circle as here at m, begin to divide 
the ſaid circle into 24 cqual parts, as hath been ſhewed 


! before , a ruler laid from the elevated pole to theſe 


equal diviſions ſhall cut the tangent line 1nthe center 
of the kour-circles. 

Or if the interſe&tions of the meridians with the 
plane be onely required , having drawa the Equino- 
ial by the three points before given, a ruler laid from 
the elevated pole above the plane, tothe point of inter- 
ſection of the EquiuoQial with the meridian, will cut 
the plane.in /,. where you myſt begin-ro divide the 
plane 4nto its requiſite parts, a relker laid ftom the cen- 
icr of the plane to thoſe equal parts, willcut the Equi- 
noXtial into its unequal parts, and a ruler laid from 
the clevated pole to thoſe unequal parts of the Equi» 
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noQtial, will cut the plane inthe points through whict 
the mzridians mult paſs , and right lines drawn from 
the Center of the plane, throngh choſe points ſhall 
be the hour-lines deſired ; and F 4 is theheight of the 
ſtile. 

By theſe direftions and the former Examples the 
deſcription of the hour-lines is ſocaſic, that I thought 
it not nece{{iry to expreſs them inthis Scheme, bur 
have lelt the pertefting of this Dial, andthe deſcri- 
ption of the other variety ot Declining recliners, to 
the praftice of the Ingenious Reader ; for all which 
the direftions already given , (itwell underſtood,) will 
be ſufficient , and nut ſufficient _ for the proje- 
Qing of Dials, but for the projeCting ot the ſeveral cir- 


cles of the Globe, upon the plane of any great circle 
which ſhall be propo.inded, 
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ERRATA : 
Aiter theſe words in the 3 line of the 1 2page,: n- 
drcular B F, (hould follow, equal to half A}. ag. 12 
lin:3 for perpendicular B F, read perpendicular B F 
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POST-SC RIPT. 


He Problems of Sailing men- 

tioned inthe 17 ©-18 Chapters 

of the firj# Part, may be more eaſily 

performed , if thou be furniſhed with 

Blank Charts exaly drawn , - 

I which purpoſe we have cauſed ſuchto 

7 bemadein Imperial Paper , both for 

7 Plain aydfor Mercators Sailing, and 

aretobeſoldby RoserT Horns 
-/ atthe Turks-headiy Cornhil. 
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Books ſold by Robert Horn, at the Turks. 
head, in Corn-hill neer the Royal 
Exchange. . * 


LXXX Sermons preached by the Learhed and Re. 

vetcnd Divine Joha Dmne, D. D, late Doof S- Paris. 

; Folio. | 4 

Hiſtory of the World Second Part ,, being a continua- F: 

' ion to. that Famaus Hiſtory of Sir alter Raleigh, Þ 
by «Alexander Reſſe, Foho. 

Works of that Famous and worthy Miniſter M. ». 
Perkins, the 1 Volum. Folio, | 

A Body of Diyinity,of the ſata and ſubfhance of Chri- 
ſtian Religion, by 7ames #ſher B, of Armagh. Folio, 

The R_—_ 5 \ ider , _ __ on the 
14 C of Hoſea, by Dr. S1bbs,' Quarto.' 

Sefffrons of MIS, Yo Seek che life of Mr. Henry 
Smith, by Themas Fuller B, DD, Quatto. | 

ANTHROOKTONOUTAPHOS, orthe Bloudy, 
and deceitful mans fall, &c. by /: B. Quarto. 

Pharmacopeia Belgica, or the D:tch Diſpenſatory with 
Herbaliſt. Tranſlated into Erglih. 8, 

Emblems, with Hicroglyphicks, by F. Fnarles. 8, | 
Hiſtory of the T#rks, conteining an exaCt account of *' 
their original , the raiſe of the Ocromen Family, the 
—_ undertakings of the Chriſtians againſt them, ' 
Principles of Chriſtian Religion, by James #{rer, Arch- | 
1 of eArmagh, 12. | 

Argulus and Parthenia, by F. Quarler, 12, 

Morrelds two Books of Cookery , together with the 
neweſt Art of Carving, and Serving, to which is | 
added many choice receipts of Preſerving, Conſer- | 
ving, Canding, and Perfuming. 1 2, 
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